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S U M M A R Y
A subpopulat ion of  lymphocytes detected by the use of  c a l f  e r y t h ­
rocytes sen s i t i ze d  w i th  the Facb fragment o f  ra b b i t  immunoglobulin G 
( Ig6)  were compared in heal thy contro l  subjects and in pa t ien ts  with  
rheumatoid a r t h r i t i s .  These c e l l s  (Facb R^ c e l l s )  were found to be 
less dense in rheumatoid p a t ie n ts  than in con tro ls .  They were also  
found to be s te ro id  s e n s i t iv e  in the former group but not in the l a t t e r .  
Electron micrographs ind icated th a t  Facb R^ c e l l s  in p a t ie n ts  wi th RA 
were m e ta b o l ic a l ly  more a c t iv e  than in normal c o n tro ls .  I t  was found 
th a t  a t ra n s ie n t  increase in the number o f  c i r c u l a t i n g  Facb R  ̂ c e l l s  
could be induced in control  subjects  by a n t ig e n ic  chal lenge.
Studies in mice showed tha t  an increase in %Facb R  ̂ splenic  
lymphocytes could be induced by a n t ig e n ic  chal lenge in sens i t ized  
animals.Experiments involv ing the adoptive  t ra n s fe r  of  sens i t ized  c e l l s  
showed tha t  the Facb R  ̂ c e l l  is involved in suppression of  I g synthesis .  
This suppression was shown to re qu ire  in te r a c t io n  between IgG and the 
Fc receptor on Facb R  ̂ c e l l s .  S im i la r  re s u l ts  were obtained in 
experiments using human c e l l s .  These re s u l ts  are discussed in r e la t io n  
to current concepts of  Fc-mediated suppression o f  humoral immunity.
A long i tud ina l  study o f  p a t ie n ts  w i th  e a r ly  rheumatoid disease  
showed that  the %Facb R  ̂ per iphera l  blood lymphocytes c orre la ted  wi th  
the c l i n i c a l  assessment o f  disease a c t i v i t y .  This c o r r e la t io n  was los t  
in p a t ie n ts  w i th  estab l ished RA re ce iv ing  D -P e n ic i1 lamine therapy.  The 
im pl ica t ions  o f  these re s u l ts  are discussed in r e la t i o n  to observations  
made on the in v i t r o  e f f e c t  o f  t h i o l  conta in ing compounds on the expression  
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C H A P T E R  1 
I N T R O D U C T I O N
S E C T I O N  1 
L _Y M P H O C Y T E S  
The work described In th is  thes is  involves the study of  a sub­
populat ion of  mononuclear c e l l s  f i r s t  described by H a l l ,  Winrow and 
Bacon (1980) which bear receptors  capable of  binding the Facb fragment 
of IgG (Facb R  ̂ c e l l s ) .  An attempt has been made to charac te r ise  these 
c e l l s  (both phenotyp ica l ly  and f u n c t io n a l ly )  in r e la t i o n  to the known 
subpopulat ions o f  mononuclear c e l l s .  T here fo re ,  two major sections of  
th is  in t roduct ion  provide synopses o f  c u r r e n t ly  accepted methods o f  T,
B and nul l  c e l l  i d e n t i f i c a t i o n  and of  the roles  o f  these subpopulat ions  
in various immunological reactions
(A) General in t roduct ion
Compelling evidence fo r  the involvment o f  lymphocytes in an 
immunological response was f i r s t  presented in the mid 1950's. Medawar 
( 1956) in a discussion on to le ran c e ,  c i te d  an experiment in which mice 
made t o le r a n t  to a l lo g m a ic  g r a f t s  could be induced to r e je c t  them by 
the adoptive t r a n s fe r  o f  lymph node c e l l s  from mice a c t i v e l y  immunised 
against  the t issue  antigens of  the g r a f t s .
Although i t  was well  estab l ished  tha t  g r a f t  r e je c t i o n ,  de layed-  
type h y p e r s e n s i t iv i ty  (DTH) and antibody production were a l l  immuno­
log ica l  phenomena, i t  was not u n t i l  the mid 19&0's that the c e l l s  
involved were conc lus ive ly  i d e n t i f i e d  as lymphocytes. In 19&3,McGregor 
and Gowans demonstrated tha t  the removal o f  small lymphocytes from 
ra ts  by chronic thora c ic  duct drainage (TDD) resul ted in a severely
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depressed primary response to sheep red blood c e l l s  (SRBC) and to 
tetanus toxoid ( T T ) . The same workers l a t e r  showed that TDD could 
prolong the survival  o f  a l lo g e n e ic  g r a f ts  (McGregor and Gowans, 1964).
In 1967» Bloom and Chase demonstrated that  i t  was possible to induce 
s p e c i f i c  delayed-type h y p e r s e n s i t iv i ty  in guinea-pigs  by the adoptive  
t r a n s f e r ,  to naive r e c ip ie n t s ,  o f  lymphocytes from s p e c i f i c a l l y  
immunized donors.
Despite th is  work, there  was considerable controversy over the 
precise  involvement o f  lymphocytes in immunological phenomena. Doubt 
was cast by the observations of  M^Cluskey e t  al  (1963) which showed 
th a t  very few sen s i t i zed  c e l l s  were found a t  the s i t e  of  DTH reactions  
or in the beds o f  a l l o g r a f t s  undergoing r e je c t i o n .  In a d d i t io n ,  
lymphocytes were ( f o r  a long time) considered to be end c e l l s  wi th  no 
p o te n t ia l  fo r  f u r t h e r  d i f f e r e n t i a t i o n  or p r o l i f e r a t i o n .  This was probably  
due to the fa c t  tha t  a t  any ins tan t  in t ime, a large proport ion of  
lymphocytes show r e l a t i v e l y  l i t t l e  metabolic a c t i v i t y .  However, the 
development o f  in v i t r o  models such as the leukocyte migrat ion  
in h i b i t i o n  assay (David e t  a l . , 1 9 6 4 )  and the study of  antigen s p e c i f i c  
leukocyte blastogenesis (Permain,  Lycette and F i t z g e r a ld ,  1963) 
e v e n tu a l ly  confirmed th a t  the lymphocyte played an ac t iv e  ro le  in many 
immune responses.
Although i t  had been establ ished that the lymphocyte did perform 
var ious  func t ions ,  i t  was not obvious whether or not a l l  these a c t i v i t i e s  
were mediated by the same c e l l  or by d i f f e r e n t  subpopulat ions.  At th is  
t ime ,  lymphocytes were defined by morphological  c r i t e r i a  alone,  being 
c l a s s i f i e d  as e i t h e r  sm al l ,  medium or large .  This d is t r i b u t i o n  was 
found to be continuous and not t r im o d a l ,  thus precluding the assignment 
of  s p e c i f i c  fu nct iona l  a c t i v i t i e s  to the d i f f e r e n t  morphological groups.
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Early  observations appeared to imply a dichotomy in the immune 
system. C l i c k ,  Chang and Joap (1956) found that  neonatal bursectomy in 
chickens impaired t h e i r  a b i l i t y  to produce antibody in response to  
an t ig en ic  chal lenge.  L a te r ,  Aspinal l  et  al (1963) showed that neonatal  
thymectomy ( e i t h e r  a t  hatching or 1-3 days l a t e r )  delayed a l l o g r a f t  
r e je c t io n  in Leghorn chickens.  Neither  s te ro id a l  nor surgical  bursectomy 
had th is  e f f e c t .  These and other  experiments in birds and rodents 
provided evidence fo r  two separate types o f  immunological phenomena 
ce l l -m edia ted  and humoral. Complementary evidence fo r  a s im i la r  dichotomy 
in man was provided by the c l i n i c a l  observations o f  Good and Varco (1955) 
on thymoma and agammaglobulinaemia. Abdou and Abdou (1972) suggested that  - 
the equ iva lent  environment in man to the Bursa o f  Fabr icius  was the bone 
ma r row.
The fu nct iona l  p roper t ies  o f  the c e l l s  a t  the basis of  the observed 
dichotomy in the immune system were categorised by R o i t t  e t  al (1969) 
who suggested the terminology ; T c e l l  or thymus derived c e l l  and B cel l  or 
bursa-equiva lent derived c e l l .  The p r in c ip le  fu nct ion  of  the B c e l l  is  
undoubtedly the synthesis aad secret ion o f  antibody.  The functions  
performed by T c e l l s  were grouped together under the heading ^ce l1-mediated  
immune responses
Today, the d iv is io n  o f  immunological phenomena into ce l l -m e d ia ted  
and humoral is considered to be la rg e ly  f a l l a c i o u s  since much evidence  
has accumulated concerning the ro le  of  T c e l l s  in antibody product ion.
I t  is q u i te  obvious th a t  immune responses require  a complex in te r a c t io n  
of  a v a r i e t y  o f  d i f f e r e n t  c e l l s  and biochemical m e d ia t o r s . I d e n t i f i c a t i o n  
of  the c e l l s  involved had been g r e a t ly  f a c i l i t a t e d  by the development 
and use o f  a l l o a n t i s e r a  ( l a r g e ly  in in-bred mouse s t r a i n s ) ,  by the 
i d e n t i f i c a t i o n  o f  s p e c i f i c  surface receptors and more recen t ly  by the 
use o f  monoclonal an t ibod ies .
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(B) Mouse lymphocyte subpopulat ions
i ) In troduction
The mouse Is o f ten  used as an experimental  tool  owing to the  
comparative ease of  obta in ing  large numbers o f  g e n e t ic a l ly  id e n t ic a l  
in d iv id u a ls .  E l im ina t ion  o f  genet ic  v a r i a t i o n  allows various func t iona l  
experiments to be performed which are only possible  in v i t r o  in humans- 
a system which has numerous inherent l i m i t a t i o n s .  However, one must not 
a u tom at ica l ly  e x t ra p o la te  from mouse to man, al though re su l ts  observed 
in the mouse system may be used as an in d ica t io n  of  those expected in 
humans. Since much of our knowledge of  immune regu la t ion  and c e l l u l a r  
in te ra c t io n s  stems from work done in the mouse, th is  sec tion w i l l  
b r i e f l y  descr ibe those markers used to id e n t i f y  murine lymphocyte 
subpopulat ions,  some functions o f  which are discussed in Section 11 o f  
th is  chapter.
i i )S u r fa c e  markers of  mouse T c e l l s
Theta/Thy a l lo a n t ig e n s
The theta  antigen ( l a t e r  renamed Thy 1) was the f i r s t  s e r o lo g ic a l l y  
detected murine a l lo a n t ig e n  wi th  a r e s t r i c t e d  t issue  d i s t r i b u t i o n .
Rei f  ( 1963) and R e i f  and A l len  (1963;1964) raised iso ant isera  in C3HeB/Fe 
mice against  AKR thymic lymphocytes which could lyse AKR thymocytes 
but not non-thymus derived lymphocytes of  marrow c e l l s  o f  normal AKR 
mice. This AKR thymic antigen was found in high concentrat ion in the 
thymus and a du l t  nervous t issue  but only in low concentrat ions on 
lymphocytes from the a du l t  spleen and lymph nodes. When tested against  
other  mouse s t r a in s ,  only thymocytes from RF mice showed cyt o i ys is .The  
reciprocal  isoantiserum ( i . e .  raised in AKR mice against  C3HeB/Fe c e l l s )  
caused the lys is  of  thymocytes from a l l  the mouse s t ra in s  tested except  
those from AKR and RF mice. Rei f  and A l len  (1964) suggested that these  
two antigens should be termed 0-AKR and 0-C3HeB/Fe. Experiments using
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hybrid mice (AKR x C3HeB/Fe)and iso an t ise ra  to 8-AKR and 6-C3HeB/Fe, 
suggested that  these two antigens were the expression of a s in g le  locus 
comprised of  two d i f f e r e n t  a l l e l e s  (R e i f  and A l len  1966a). These a l l e l e s  
were l a t e r  termed Thy 1.1 (0-AKR) and Thy 1.2 (8-C3HeB/Fe).
The f i r s t  evidence of a r e s t r i c t e d  d i s t r i b u t i o n  of  the Thy 1 
antigen was presented by Rei f  and A l len  (1966b).  They showed that  
iso an t isera  to the theta  antigens were i n e f f e c t i v e  against leukæmic 
c e l l s  o f  non-thymic o r i g i n .  Also Raff  (1969) using ^^Cr re lease  as a 
measure of  c y t o t o x i c i t y ,  looked a t  the e f f e c t  o f  chronic an t i  lymphocyte 
serum (ALS) treatment on the c y t o l y t i c  a c t i v i t y  of  a n t i -8 an t i  serum 
towards murine thymus, lymph node and per iphera l  blood lymphocytes. He 
showed that 70-80% of  lymph node lymphocytes and 30-50% of  splenic  
lymphocytes have 8 antigen and that  these leve ls  were d r a s t i c a l l y  
reduced a f t e r  ALS treatment (which s e le c t i v e l y  depletes T c e l l s ) .
S im i la r  re su l ts  were obtained by Schlesinger and Yron (1969).  Raff  
( 1969) a lso reported the results  of  p re l im inary  experiments using 
neonata l ly  and a du l t  thymectomised mice,  l e t h a l l y  i r r a d ia te d  and 
fo e ta l  l i v e r  reconst i tu ted  mice, and con g e n i ta l ly  athymic mice. In a l l  
cases there  was a reduction in the expression of  0 antigen in the 
per iphera l  lymphoid t issues .  This was l a t e r  substant ia ted  by the work 
of Raff  and Wort is (1970).
A l l  th is  work indicated that  0 antigens were expressed on c e l ls  
condit ioned by the thymus. Direct  evidence that  'non-T'  c e l l s  did not 
express 0 was produced by Raff (1970) and C e r ro t in i  e t  al (1970).
Raf f  showed tha t  a c o r re la t io n  ex is ted  between those c e l l s  lacking  
0 antigen and those bearing surface immunoglobulin (S Ig ) ;  w h i ls t  
C e rro t in i  e t  al showed that treatment w i th  a n t i - 0  ant i  serum did not 
a f f e c t  the plaque forming a b i l i t y  o f  sens i t ised  c e l l s .  Thus, Thy 1 was 
accepted as a marker fo r  a l l  thymus condit ioned murine lymphocytes'
(T c e l l s ) .
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Ly (Lymphocyte )  a l l o a n t i gens
In 1968, Boyse e t  a l . ,  were studying two systems o f  leukaemia 
antigens in mice. The c y to tox ic  sera used to i d e n t i f y  these systems 
were found to contain a d d i t iona l  l y t i c  a n t ibod ies .  Experimentat ion  
revealed that  these ant ibodies  were s p e c i f ic  fo r  antigens confined to  
thymocytes and some lymphocytes. They also showed that  the absorpt ive  
capac i ty  of  bone marrow was very low^ suggesting th a t  these s p e c i f i c i t i e s  
were only present on T c e l l s .  The genet ic  loci  determining the express 
sion of these antigens were designated as Ly A and Ly B. Backcross 
experiments showed that each locus consisted of  2 a l l e l e s  determining  
the a l t e r n a t i v e  isoantigens Ly A.1 or Ly A . 2 and Ly B .1 or Ly B.2.
In 1971, Boyse e t  a l , ,  showed theipresence o f  a t h i r d  s p e c i f i c i t y  
(which they ca l le d  Ly C) which was always present w i th  Ly B on the c e l l  
membrane. The three Ly s p e c i f i c i t i e s  l a t e r  became known as Ly 1, Ly 2 
and Ly 3. Further s p e c i f i c i t i e s  have become recognized on both T and B 
c e l l s  which appear to def ine  f u n c t io n a l ly  d i s t i n c t  subpopulations  
(see Sections 1 C i i  and 11 A add B ) . In order to  c l a r i f y  the nomenclature,  
i t  has been suggested tha t  T or B c e l l  d i s t r i b u t i o n  o f  the Ly s p e c i f i c i t i e s  
should be indicated by the p re - f ix e s  t or b eg.  Lyt 1, Lyb 1. This has 
not yet  received widespread acceptance and thus both systems of  
nomenclature e x is t  in the l i t e r a t u r e .
The e a r ly  l i t e r a t u r e  on the Ly a l loant igenssystem appeared to  
in d ic a te  that Ly 1 was only expressed on T c e l l s  i . e .  Thy 1^ c e l l s .
However, the recent development of  monoclonal an t ibodies  has allowed  
more se n s i t iv e  work to be performed. Using monoclonal Lyt 1, Ledbetter  
et  a l . ,  ( 1980) showed tha t  approximately 2% of  mouse spleen c e l l s  expressed 
e a s i l y  de tectab le  amounts of  Lyt 1 but appeared to lack Thy 1. The authors  
suggested tha t  Thy 1 and Ly 1 were expressed in inverse ly  proport ional  
amounts on the c e l l  sur face ,  Thus, although these markers are both used
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to  i d e n t i f y  T c e l l s ,  recent work indicates  th a t  Ly 1^ c e l l s  may not
au to m a t ic a l ly  be assumed to be Thy 1^.
Fc receptors
The presence of Fc receptors (FcR) on mouse thymus derived  
lymphocytes has been demonstrated by several  workers,  (Yoshlda and 
Andersson, 1972; Andersson and Grey, 1974; Basten e t  al., 1975; Stout  
and Hertzenberg,  1975) using various forms o f  IgG conta in ing immune 
complexes. The resul ts  showed that there was great  hete rogenei ty  in 
the d i s t r i b u t i o n  of  FcR on a 'per c e l l '  basis (Andersson and Grey, 1974; 
Stout and Hertzenberg,  1975) and that the amount o f  complex bound was 
s im i l a r  in both T and B ce l l  populat ions (Stout and Hertzenberg,  1975).  
The e a r l i e r  reports suggested that FcR were expressed on ' a c t i v a t e d ' ,  
but not on r e s t in g ,  T c e l ls  (Yoshida and Andersson, 1972; Andersson and 
Grey, 1974).  However, using the more s e n s i t i v e  f luorescence a c t iva te d  
c e l l  s o r te r  (FACS) system, Stout and Herzenberg (1975) showed that  the 
m a jo r i ty  (70%) of  FcR^ T c e l ls  in the normal spleen were smal l ,  non­
a c t iv a te d  ( i . e .  not lymphoblastoid) lymphocytes and that only 50-60% of  
a c t iv a te d  T c e l l s  were FcR*. This ind icated tha t  a c t i v a t i o n  did not
n e cessar i ly  lead to an increase in FcR expression.
The d i s t r i b u t i o n  o f . t h e  various classes of  FcR and the funct ions  
apparently  associated with t h e i r  expression are discussed more f u l l y  
in Sections 11 A,B,C and D.
iii ) Surface markers of  mouse B c e l ls
Surface immunoglobulin
Reports of  the transforming e f f e c t  of  an t i , - Ig  ant i  sera and of  the 
opsonic adherence of  a n t i - l g  trea ted  lymphocytes to macrophages led 
R a f f ,  Sternberg and Taylor (1970) to suggest tha t  the an t ig en -  s p e c i f i c
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receptors, on lymphocytes were Immunoglobulins. Using f luorescent  
l ab e l led  ra b b i t  anti -mouse IgM, they demonstrated the presence of  IgM 
on 35% spleen c e l l s  and on 19% lymph node c e l l s .  They could not 
demonstrate th is  Immunoglobulin on the surface of  thymocytes and hence 
suggested tha t  th is  might act  as an in d ica to r  o f  B lymphocytes. Using 
s im i la r  methods, Rabe l l ino  et  a l . , ( l 9 7 l )  reported the presence of  
surface immunoglobulin (SIg) on 45% splenocytes.  However these  
workers showed that  IgG  ̂ and IgG^ were more preva lent  than IgM.
Comclement receotors
Lay and Nussenzweig (1968) showed the presence of 2 d i f f e r e n t  
receptors fo r  complement on various murine leukocytes.  One o f  these 
receptors was tryps in  s en s i t iv e  and did not requ ire  the presence of  
d iv a le n t  ca t ion s .  I t  was not exh ib i ted  on monocytes, polymorphonuclear  
leukocytes (PMN), or thymocytes. I t  was present ,  however, on 10-25% 
of  lymph node c e l l s .  These resu l ts  suggest that the receptor  is present  
on B c e l l s .  A second cat ion dependent complement receptor  was found 
on monocytes and PMN,
Lv ( I vmohocvte )  a l l o a n t i g ens,
The Ly a l lo a n t ig e n  series  which was o r i g i n a l l y  observed on T c e l l s  
has been g r e a t ly  extended in recent years ,  some of  the antigens being 
observed s p e c i f i c a l l y  on B c e l l s .  The Ly 4 a l lo a n t ig e n  (a lso termed 
Lyb 1) was described by Snell et  al  (1973) and was the f i r s t  in th is  
ser ies  which appeared to be r e s t r i c t e d  to B c e l l s .  McKenzie and Snel l  
(1975) showed that  the Ly 4 locus governed the appearance o f  a s ing le  
r e a c t iv e  s p e c i f i c i t y  on the surface of  lymphocytes -  Ly 4 .2 .  The d i s t r i b u ­
t ion  o f  th is  antigen was shown to be r e s t r i c t e d  and inverse ly  propor­
t io n a l  to tha t  of  Thy 1 ,2 .  From these re s u l ts  they concluded that  
Ly 4 .2  was present on B c e l l s .  Confirmation o f  th is  came from experiments
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in mice depleted o f  T c e l l s  by various methods. The m a jo r i ty  of  lympho­
cytes in these animals were Ly 4 . 2 * , Thy 1.2 (Aoki e t  a l . , 1 9 7 4 ;  McKenzie 
and S n e l l ,  1 97 5 ) .Also,  McKenzie (1975) showed that both d i r e c t  and 
i n d i r e c t  antibody forming c e l l s  could be in h ib i te d  in v i t r o  by a n t i -  
Ly 4 .2  ant i  serum. However, Aoki e t  al (1974) found that add i t ional  
s p e c i f i c i t i e s  in the a n t i -L y  4 .2  ant i  serum appeared to react w ith  a 
subpopulat ion o f  p u r i f i e d  T c e l l s .  More re c e n t ly ,  Gani and Summerell 
(1977) showed that there  was almost equal d i s t r i b u t i o n  of  Ly 4.2  on 
B and T ce l ls .Thus  the s i t u a t io n  is by no means c le a r .  The r e a c t i v i t y  
of Ly 4 .2  ant i  sera wi th  T c e l l s  may be a re s u l t  of  i t s  heterogeneity  
and in v e s t ig a t io n  w i th  a monoclonal a n t i - L y  4 .2  may c l a r i f y  the 
s i tua t  i on .
Although Ly 4 .2  is probably the best categorised of the B c e l l  
a l lo a n t ig e n s ,  several  other s p e c i f i c i t i e s  have been defined which are  
r e s t r i c t e d  to B lymphocytes -  Lyb 2,  3 ,  4,  5,  6 ,  and 7. The d i s t r i b u t i o n  
and s ig n i f ic a n ce  of  these antigens were reviewed by McKenzie and 
Potter  (1979).
Mouse s p e c i f i c  bone marrow-derived lymphocyte antigen (MBLA)
Raff  e t  al (1971) used lymph node c e l l s  from thymectomised, 
i r r a d i a t e d ,  fœ ta l  l i v e r  r e c o n s t i tu te d ,  CBA mice to produce an anti  serum 
which,  (vhen absorbed with  red c e l l s ,  hepatocytes and thymocytes), reacted  
with  approximately 40% of bone marrow c e l l s ,  and w i th  lymphocytes from 
the spleen and lymph nodes. This anti  serum (anti-MBLA) was found to  
show reciprocal  c y t o t o x ic i t y  to a n t l -T h y  J (Raff  e t  a l , 197J); to react  
with  d i r e c t  plaque forming c e l l s  (Niederhuber and Mol 1er,  1972); to 
react w i th  antigen binding B c e l l s  (Niederhuber and Mol 1er, 1972). Thus 
the evidence pointed towards th is  being an antigen expressed on the 
surface o f  mouse B c e l l s .
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Fc receptors
Receptors which bind the c rys ta l  1izab le  fragment of  IgG (Fc) 
have been demonstrated on mouse B c e l l s  (Basten e t  a l . , 1 9 7 2 ;  Paraskevas 
et  a l . , 1972) .  Basten e t  al (1972) showed that FcR bound Immune complexes 
contain ing IgG but tha t  th is  binding could be in h ib i ted  by pre - incuba-  
t ing  the c e l l s  in an excess of  monomeric IgG. Also,  th is  associat ion  
was disrupted by washing, which the authors suggested i l l u s t r a t e d  the 
weak nature o f  the FcR-IgG bond on these c e l l s .
The binding s p e c i f i c i t y  of  FcR on mouse B c e l l s  is discussed 
more f u l l y  in Section 11 D.
;^)Mouse nul l  lymphocytes
Warr e t  al (1978) iso la ted  a subpopulat ion o f  lymphocytes from
athymic,  nude (T c e l l  d e f i c i e n t )  mice which were e lu ted  from nylon
wool columns and did not react w ith  the IgG f r a c t io n  of  rabb i t  a n t i ­
mouse IgM cova len t ly  bound to sepharose-6B macrobeads, D i re c t  immuno­
fluorescence f a i l e d  to demonstrate SIg on these c e l l s  which were thus 
considered to be nu l l  c e l l s ,  However, using f luorescent  lab e l led  chicken 
anti -mouse IgM, Warr e t  al (1978) were able  to demonstrate SIg on these 
null  c e l l s  in s im i la r  amounts to that found on B c e l l s  by more conven­
tual  methods. More r e c e n t ly ,  Schrader and Nossal (J980) described a
class of  FcR* nul l  c e l l s  termed the P c e l l .  These c e l l s  are non- 
phagocytic.  Thy 1 , Lyt 1 , Lyt 2 , l a * ,  SIg . However, the presence 
of SIg was invest iga ted  using d i r e c t  f luorescence and thus i t  is 
fe a s ib le  tha t  these c e l l s  do possess low leve ls  o f  SIg,  Thus, the 
a v a i l a b le  data on the existence of  nul l  c e l l s  in mice is not conclusive.
v ) I - r e g i o n  associated antigens
Immune response gene associated antigens ( l a )  have been reported  
to be present on many d i f f e r e n t  c e l l  types including a l l  classes of
o i l
lymphocytes. For th is  reason these antigens w i l l  be discussed separa te ly  
in th is  sect ion .  The functional  relevance o f  these markers w i l l  be 
discussed in Section 11 of  th is  In t roduc t ion .
The l i t e r a t u r e  concerning the occurrence o f  la antigens is too 
vast to be described in great d e t a i l  In th |s  t h e s is , The subject has 
been reviewed by Mol 1er (1976) and McKenzie and Pot ter  (1979) and the 
s a l i e n t  fea tures  of  these reviews are considered below.
The h is t o c o m p a t ib i l i t y  loci code fo r  s p e c i f i c i t i e s  which appear 
to be found in a l l  t issues .  Many of the loci  which code for  the 
membrane a l loa n t ige ns  on lymphocytes a lready discussed In th is  section  
are found w i th in  the major h is t o c o m p a t ib i l i t y  complex (MHC) of  the 
mouse (the H-2 complex).  At least  four loci  code fo r  antigens of  
general  d i s t r i b u t i o n  -  H-2K, -2D, -2G, -2L -  and can thus be detected  
by g r a f t  r e je c t io n  and by t h e i r  a b i l i t y  to e l | c | t  antibody production,  
Encompassed by the H-2 complex are several  loci  coding for  s p e c i f i c i t i e s  
found la rg e ly  on lymphocytes. These map In the same region as the 
Immune response genes ( I r  genes) and have thus been termed the I - 
region associated ( l a )  antigens.  Using recombination s tud ies ,  i t  had 
been shown that  the I region |s comprised of  several  sub-regions  
(designated I -  A, l -B ,  l.-J, t -E ,  and l -C) each haying t h e i r  own marker 
locus or l o c i .  Four o f  these loc |  have been s e r o lo g ic a l ly  de f ined-  la-J , 
l a - 3 ,  l a - 4 ,  and l a - 5 .  Other loci  determined fay functional  and sero log ica l  
studies have not yet  been designated to p a r t i c u l a r  sub-regions of  the 
I r  genes.
D ic k le r  and Sachs (J974) and Hammer 1 |ng (J976) have shown by double 
f luorescent  studies th a t  approximately 90% S Ig*  splenic lymphocytes 
were l a * .  These workers were unable to detect l a - r e la t e d  antigens on 
per iphera l  blood T cel Is.However, other workers have demonstrated a n t i -  
T c e l l  c y to tox ic  a c t i v i t y  |n ant I - l a  ant I sera (F re l |n g e r  et  a l . ,  19741. 
Neiderhuber and F re l in g e r  (1976) showed tha t  Con A induced T blasts  
expressed la.  Thus, the data imply that both B and T c e l l s  express l a -
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re la ted  antigens but tha t  the l a t t e r  are expressed in much lower 
concentrat ion on T c e l l s  than B c e l l s  (Hammerling, 1976).  More r e c e n t ly ,  
Tada et  a l . ,  (1978) showed that a t  least two subpopulat ions of  T helper  
c e l l s  could be i d e n t i f i e d  by t h e i r  d i f f e r e n t i a l  expression o f  la d e t e r ­
minants.  la antigens have also been demonstrated on the surface of  
macrophages and have been shown to p a r t i c i p a t e  in a n t ig e n -s p e c i f i c  
st im u la t ion  of  T helper c e l l s  (Erb and Feldmann, 19751* Recently .  Asano, 
Okumura and Tada (1981) have shown that  those la antigens expressed on 
helper and suppressor T c e l l s  and encoded in the I -J  region are not 
expressed on myeloid antigen presenting c e l l s .  The l a t t e r  express I a 
determinants encoded by the I -A and I -E /C  subregions.  Thus, these c e l l s  
carry  the same s p e c i f i c i t i e s  as B c e l l s .
The expression of  la determinants on other c e l l s  (eg. epidermal  
c e l l s  and spermatocytes) has been reviewed elsewhere (Hammerling, 1976).
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( c )  Human lymphocyte subpopulat ions
The pioneering work demonstrat ing c h a r a c t e r i s t i c  c e l l  surface  
markers in mice lead the way fo r  s im i l a r  work in man.
i ) T  lymphocyte markers
Sheep red blood c e l l  roset te  formation
‘A l l  lymphocytes processed by the thymus bear a receptor capable 
of  binding sheep red blood c e l l s  (SRBC)', This statement is based on 
evidence which has been accumulating since 1969. Bach et  al ( l 969) 
reported a chance observation that a few human per iphera l  blood lympho­
cytes formed c lu ste rs  when incubated w i th  SRBC. Later  work showed that  
th is  phenomenon could be abrogated by anti - lymphocyte  anti  serum (Bach 
1970) ,  There fol lowed a ser ies  o f  reports which/  although d i f f e r i n g  
s l i g h t l y  in technique,  a l l  demonstrated that  a percentage of  human 
lymphocytes was capable of  binding SRBC (Coombs er  al 1970; Lay et  
a l , 1971 ; Froland, 1972).  This phenomenon proved to be non-immunological  
and confined to thymus-derived lymphocytes (Wybran, Carr and pudenberg 
1972; Wybran and Fudenberg, 1973; Jondal,  1976),  Rosette formation was 
shown to occur only w i t h  l i v in g  c e l l s  and to be ca t ion  and temperature  
dependent; roset tes becoming unstable a t  temperatures above 37°C (Jondal 
Holm and W ig z e l l ,  1972).
Thus, the data suggested that  a l l  T c e l l s  bound SRBC to the same 
e x te n t .  However, i t  was found that  th is  c h a r a c t e r i s t i c  could be manipu­
lated to demonstrate heterogeneity  amongst T c e l l s .  Yu (1975) demonstrated 
th a t  T c e l l s  could be divided in to  those forming ' a c t i v e '  or e a r ly  
roset tes  ( immediately a f t e r  sedimentat ion) and those forming ' l a t e '  
roset tes  ( requ ir ing  incubation a t  4 °C ) ,R ece nt ly  Semenzato e t  al (J98l )  
have suggested that  ' a c t i v e '  and ' l a t e '  ro s e t te  formation r e f l e c t  the 
m a tu r i ty  o f  the lymphocytes involved; those involved in la te  roset te
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formation being the more mature.
Other workers have looked a t  the e f f e c t  on roset te  formation of
modifying SRBC e i t h e r  enzym at ica l ly  (with neuraminidase) or chemical ly  
(wi th 2 ami noethy l - isothiouronium bromide; AET). in genera l ,  these 
techniques have resulted in the formation of  a g re a te r  percentage of  
more s tab le  roset tes (Kaplan and C la rk ,  J97^)
However, these techniques may a l t e r  the s p e c i f i c i t y  o f  the assay such
that c e l l s  other than T c e l l s  are being roset ted.
He l ix  pomatia (HP) receptors
Hammarstrom et al (.1973) showed that neuraminidase treatment of  
lymphocytes (a process which resu l ts  in the cleavage o f  s i a l i c  acid 
residues from the glycoprote ins  o f  the c e l l  membrane) enabled these 
c e l l s  to bind the A haemag 1 u t in in  of  H e l ix  pomatia ( the vineyard s n a i l )  
U t i l i z a t i o n  of  th is  haemag1ut in  in in a f f i n i t y  chromatography resulted  
in the iso la t io n  of  enriched T c e l l  populat ions -  90^ (Hel lstrom
et  al , 1976) ,
Heteroant i sera
The r a t io n a le  used on the in v es t ig a t io n  of  rpouse c e l l  surface  
antigens was applied to the human system inorder to determine whether 
or not the equiva lent  o f  the murine -Ly* ser ies  could be detected on 
human c e l l s ,  Evans e t  al  (1977; 1978) used human lymphocytes as an 
immunogen in rabbi ts  and rendered the re su l ta n t  antiserum s p e c i f ic  fo r  
I  c e l l s  by absorpt ion,  This work resulted in the i d e n t i f i c a t i o n  of  two 
subsets termed THl and TH2 which appeared to fu n c t io n a l ly  d i s t i n c t ,
The a c t i v i t i e s  of  these subsets w i l l  be discussed in Section 11.
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Monoclonal antibodies
When B c e l l s  are st imulated to produce antibody ,  clonal  expansion 
re s u l t s ,  each c e l l  of  tha t  clone producing an antibody of  a s in g le  
s p e c i f i c i t y .  S t imulat ion  of  numerous clones by d i f f e r e n t  ant igen ic  
determinants on the immunogen resu l ts  in the production o f  a s p e c i f i c  
heteroantiserum.  I f  however, one took i s o la te d ,  st imulated B c e l l s  and 
fused them w ith  a r a p id ly  d iv id in g  tumor c e l l ,  i t  is t h e o r e t i c a l l y  
possible  to immortalize a clone producing antibody o f  a s ing le  s p e c i f i c i t y  
(monoclonal a n t ibody) .  This technique was f i r s t  perfected by Kohler and 
Mil s te in  (197S) and since that  t ime, a wide range o f  monoclonal 
ant ibodies  has been produced. The advent o f  these immunological too ls  
was heralded as a major breakthrough in our understanding of  lymphocyte 
fu n c t io n .  Unique surface antigens ( i d e n t i f i e d  by s p e c i f ic  monoclonal 
ant ibod ies )  appeared to be expressed on the various functional  subsets 
(Reinherz and Schlossman, 1980a).  However, problems o f  apparent cross^ 
r e a c t i v i t y  have occurred (reviewed by Lane and Koprowski, 1982) and 
c e l l u l a r  i d e n t i f i c a t i o n  by the use of  monoclonal antibodies  obviously  
requires  s ta n d a rd iz a t io n ,  A l i s t  of  the more commonly used commercial 
monoclonal antibodies  is given in Table 1 ,1 .
Fc receptors
Receptors which can bind the Fc por t ion  o f  immunoglobulin 
molecules have been demonstrated on various human leukocytes,  Receptors 
fo r  IgG (T gamma; T ̂  ; Farrar  ini  e t  a l , ,  1975),  IgM (T mu ; T>j ; Moretta  
et  a l . ,  1975),  IgD (T d e l t a ;  T^ ; Sjoberg,  1980 a) and IgA (T alpha; Toe; 
Lum e t  a l . ,  1979; Sjoberg,  J98Q b ) , have a l l  been demonstrated on human T 
lymphocytes. The f i r s t  of  these receptors to be demonstrated were those 
which bind IgG and IgM (Fc% and Fc j j ) . O r i g i n a l l y ,  i t  was thought that  
they were expressed on d i f f e r e n t  subpopulat ions of  T c e l l s  (Moretta e t  a l . ,  
1977; Gupta, Schwartz and Good, 1979).  However, subsequent work appeared 
to c o n tra d ic t  th is  idea.  Pichler,Lum and Broder (1978) showed tha t  FcgR
Table 1.1
Monoclonal antibodies  used in human leukocyte c h ara c te r iz a t io n
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Spec i f i c i t y
Total  per iphera l  blood T c e l l s
Monoclonal 
Ant i body
*OKT 1,3  
+Leu 1 , 4 , 5 .
"OKT 4
^Leu 3a,3b Peripheral  blood he lper / inducer  T c e l l s
*OKT 5 ,8
+Leu 2a 2b Periphera l  blood cytotoxic /suppressor  T c e l l s
OKT 6 ,9 ,1 0
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( a f t e r  modulation with  immune complexes and incubat ion at  37°C) were 
endocytosed and/or shed. I f  these c e l l s  were subsequently cu l tured  
they expressed F c w h i c h  could not be made to disappear by modulation.
In a d d i t io n ,  simultaneous expression o f  FCyuR and Fc^R could be 
demonstrated on these cul tured c e l l s .  S im i la r  re su l ts  were obtained by 
Mingari e t  a l . ,  (1978).  Schulof e t  a l . ,  (1980) showed tha t  neuraminidase 
treatment of  c e l l s  exposed Fey R on a small subpopulat ion of  these 
lymphocytes. Thus, more recent work suggests tha t  the m a jo r i ty  of  T c e l l s  
bear receptors fo r  IgM and that a small propor t ion  of  these c e l l s  
simultaneously express Fc^R.
Characte r iza t ion  of  cel 1s w i th  monoclonal antibodies  had shown 
tha t  they do not form a homogeneous subpopulat ion since both OKT 4^ 
and OKT 5 / 8 *  c e l l s  are present.  The Tç subset did not react w i th  OKT 3 
(a un iversal  T ce l l  marker) but possessed an ant igen re a c t iv e  with  
OKMl, a monocyte marker (Reinherz et  a l . ,  1980).
i i ) B c e l l  surface markers
Surface immunoglobulin (S Ig)
Detection of  SIg on murine B lymphocytes i n i t i a t e d  an in v es t ig a t io n  
o f  the same phenomenon in humans. The presence of  SIg on human 
lymphocytes was confirmed by Papamichael , Brown and Holborow (19731 and 
Wilson and Nossal ( 1 9 7 1 ) .The evident lack of  these c e l l s  in p a t ien ts  w i th  
hypogammaglobulinaemia suggested that the S Ig*  c e l l s  were B lymphocytes 
(Froland and Natv ig ,  1972 a ) .  Detection of  SIg can be achieved by any 
one o f  several  wel l  documented methods and these haye al lowed extensive  
research into the nature of  the I g on the surface o f  B c e l l s  (Froland and 
N a tv ig , 1972 b ) . Various workers have demonstrated tha t  lD-20% of per iphera l  
blood lymphocytes have membrane bound tg as i d e n t i f i e d  by s ta in ing  w i th
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a n t i - F ( a b ')2 or an t i  f l i g h t  chain a n t is e ra  (Froland e t  a l . ,  1971; Grey 
et  a l . ,  1971 ; Siegal e t  a l . ,  1971; Froland and Natv ig ,  1972a).  In most 
species,  inc luding man, i t  has been shown that  IgM ( in  the monomeric 
form and not the pentameric form found in serum) is one of  the major c e l l  
surface immunoglobulins ( V i t e t t a ,  Baur and Uhr, 1971; Pernis et  a l . ,  1971; 
Preud 'homme and S e l igman,1972; V i t e t t a  and Uhr, 1972; Andersson et  a l . ,1974) .  
Ear ly  evidence suggested tha t  each B lymphocyte bore immunoglobulin 
from only one class (Grey e t  a l . ,  1971; Froland and Natv ig ,  1971;1972a).  
However, van Boxel e t  a l . , (1972) showed a high percentage of  lymphocytes 
car r ied  IgD on t h e i r  membrane. Since the presence of  th is  immunoglobulin 
was not invest iga ted  in the e a r l i e r  studies where IgM and IgG accounted 
fo r  the t o t a l  STg, van Boxel ŝ r e s u l ts  suggested tha t  more than one I g 
class was present on some B c e l l s .  Indeed, subsequent work has shown that  
approximately  75% of  per iphera l  blood B c e l l s  bear both IgM and IgD, the 
remainder expressing igG or igA.
Complement receptors
Whi ls t  i t  is t rue  that a l l  c e l l s  w i th  e a s i l y  demonstrable SIg a lso  
possess receptors fo r  the t h i r d  component o f  complement, (C^R; Bianco 
P a t r ic k  and Nussenzwieg, 197Q) the reverse is not t rue  (Ross et  a l . ,  1973).  
This is due to the demonstrat ion o f  a t h i r d ,  non-T,  non-B lymphocyte 
populat ion which may bear complement receptors (Perlmann et  a l . ,  1975;
1976) .  However, more recent evidence appears to co n tra d ic t  th is  (see 
Section 1 C i i i } .  Also monocytes have been shown to possess C^R (Huber 
et a l \ ,  J 9.6.81^
Two d i f f e r e n t  complement receptors  have been i d e n t i f i e d  on lympho­
cytes  ̂ the [^^ (o r  immune adherence receptor )  and the receptor (Ross 
et  a l . ,  1973) .  These are a n t i g e n ic a l l y  d i s t i n c t  and express s e le c t iv e  
s p e c i f i c i t i e s  fo r  or molecules (Ross and Pol ley ,  1975; 1976).
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Fc receptors
Receptors capable of  binding the Fc region o f  IgG were f i r s t  
demonstrated on human non-T c e l l s  by Hal l berg,  Gurner and Coombs (1973)- 
Subsequent work suggested that e i t h e r  none, (Gergely et  a l . , 1977; 
Alexander and Henkart , 1978) or only a small f r a c t io n  (Lobo and Horwitz  
1976; W in f i e ld ,  Lobo and Hamilton,  1977) o f  these receptors were 
expressed on B c e l l s .  A r b e i t ,  Henkart and D ick le r  (1977) showed 
tha t  Fc R could be demonstrated on most B c e l l s  by the use o f  high 
concentrat ions of  soluble immune complexes.S im i la r ly ,  P ich le r  and 
Broder (1978) showed that IgG sens i t ized  ox erythrocytes  could be 
used to demonstrate Fc^R on most B c e l l s .  These authors suggested 
th a t  the r e l a t i v e  i n s t a b i l i t y  o f  the roset tes formed r e f le c te d  the low 
a v i d i t y  of  the receptor fo r  IgG and might exp la in  the d iverse  re s u l ts  
reported in the l i t e r a t u r e .  The same authors a lso investigated the 
presence o f  Fcy,R on B c e l l s .  Their  re su l ts  suggested that FcpR were 
also present on the m a jo r i ty  o f  B c e l l s .  This is in contrast to the 
work of  P ich le r  and Knapp (1978) who suggested that  Fc R were expressed 
only  on 2-3% of  per ipheral  blood B c e l l s .  Expression of  FcR was found 
not to be r e s t r ic te d  to any p a r t i c u l a r  subpopulat ion o f  B lymphocytes 
(as defined by the class o f  SIg) and hence appeared not to r e f l e c t  
any fu nct iona l  heterogene ity  in these c e l l s  (P ic h le r  and Broder, 1978).
Mouse erythrocyte  roset tes
When human lymphocytes are mixed with  mouse red blood c e l l s ,  a 
small proport ion form roset tes .  These M* c e l l s  have been shown to be 
B lymphocytes (Forbes and Zalewski ,  1976; Gupta,Good and S ie g a l ,  1976). 
M o d i f ic a t io n  of  mouse erythrocytes  by pronase has resulted on the i d e n t i ­
f i c a t i o n  o f  four subsets of  B c e l l s :  M*M * ;  M*M ; M M * ;  MM ,pro pro pro ’ pro
(Forbes e t  a l . ,1982) .  The authors suggested tha t  the binding of  normal 
or pronase treated mouse c e l l s  re f le c te d  the m atu r i ty  of  the lympho-
0 2 0
cytes Involved.
i i i ) N u l l  c e l l  surface markers
The author has chosen th is  heading to describe a l l  those lymphocytes 
which are  E roset te  negat ive  and lack SIg as detected by d i r e c t  immuno­
f luorescence.  This group o f  c e l l s  has been v ar ious ly  ca l le d  : " n u l l "  
lymphoid c e l l s  (Kalden et  a l . , 1977; Niaudet,  Greaves and H o r w i t z , 19791; 
non-T,non-B, t h i rd  populat ion c e l l s  (F ro land ,V / is lo f f  and Michael sen,  
1974);  L lymphocytes -  c e l l s  possessing membrane l a b i l e  (L) I g -  
(Horwitz and Lobo, 1975); u n i d e n t i f i e d ,  lymphocyte- l ike  c e l ls (UL  c e l l s )  
( D i c k le r ,  1976b; A r b e i t ,  Henkart and D ic k le r ,  1977),  The techniques  
used to i s o la te  each o f  these populat ions suggest tha t  they are not 
synonymous, but probably a l l  d er ive  from a group o f  c e l l s  expressing  
n e i th e r  receptors fo r  SRBC nor SIg.
Fc receptors
In 1974, Froland, W is lo f f  and Michael sen showed that  human group 
0 ery throcy tes  s ens i t ized  w i th  Ripley  anti -CD (^EA^ )̂ antiserum were 
s e l e c t i v e l y  bound by non-T,  non-B, lymphocytes. They f u r t h e r  showed 
th a t  the receptors responsible fo r  th is  binding were t ryp s in  and 
neuraminidase re s is ta n t  ( p r e - incubât ion w i th  these enzymes even resul ted  
in enhanced roset te  formation) but tha t  almost complete in h ib i t io n  
of  ro s e t te  formation could be achieved by pre - incubat ion  w i th  iodo-  
acetamide ( f i n a l  concentrat ion 10 ^M).
In v e s t ig a t io n  of  the s p e c i f i c i t y  o f  th is  receptor showed that  IgG  ̂
and IgGg were bound w ith  equal a f f i n i t y  w h i ls t  lgG2 and IgG^ were 
bound only weakly (Froland et  a l , , 1974).  The binding was Fc dependent,  
being in h ib i te d  by the Fc fragment of  IgG and even more s trongly  by 
the Fch fragment (derived from an IgG^ myeloma p r o t e i n ) .  This was 
thought to suggest involvement o f  the C 2 region in binding to the Fc 
receptor .  This work was in part  confirmed by Horwitz and Lobo (1975)
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and by Pang and Wilson (1978) who suggested that the Fc receptor on 
nul l  c e l l s  was s t r u c t u r a l l y  d i f f e r e n t  to that on other  types of  lympho­
cy te .  Lobo and Horwitz (1976) showed tha t  both B c e l l s  and nul l  c e l l s  
bound aggregated guinea pig and human IgG, but only nul l  c e l l s  formed
ros et te s .  They a lso  showed that  the former were t ryps in  s en s i t iv e  
w h i ls t  the l a t t e r  were not.  A r b e i t ,  Henkart and D ick le r  (.1977) and 
Pang and Wilson (1978) showed tha t  only low leve ls  of  s en s i t i z in g  
antibody were required to  demonstrate nul l  c e l l  Fc R using immune 
complexes and th is  has led to the acceptance of  the terms "high a f f i n i t y "  
or "high a v i d i t y "  Fc receptors ,  (Horwitz e t  a l , ,  1978; Horwitz and G a r r e t t ,  
1977; Despont et  a l . ,  1981).
More r e ce n t ly .  H a l l ,  Winrow and Bacon (1980) have described the 
presence of a receptor on lymphocytes which binds the Facb fragment 
of IgG -  demonstrat ing the involvement o f  the C 2 region in Fc receptor  
- IgG in te r a c t io n .  These receptors p r e f e r e n t i a l l y  bound IgG  ̂ and IgG^ 
and were expressed on c e l l s  which lacked e a s i l y  demonstrable SIg or  
receptors fo r  SRBC (Winrow, 1982).
Complement receptors
Receptors for  the t h i r d  component o f  complement have been demonstrated 
on the surface of  B lymphocytes (Bianco, P a t r ic k  and Nussenzweig, 1970) 
and monocytes (Huber e t  a l . ,  1968),  Evidence e x is ts  tha t these receptors 
are also present on nul l  c e l l s  (Chess e t  a l , ,  1975; Perlmann et  a l . ,
1975; Horwitz et  a l . ,  1978). In genera l ,  nul l  c e l l  populat ions prepared by 
passage of  T depleted lymphocytes through nylon wool columns (Horwitz  
and Lobo, 1975; Froland et  a l . ,  1974; Despont et  a l . ,  1981) or by EAC 
rose t te  deplet ion  (Horwitz and G a r r e t t ,  1977),  These methods remove 
a l l  complement receptor p o s i t iv e  populat ions and thus the resu l t ing  
nul l  c e l l  preparat ions would be C^R^. However, Chess et  a l , ,  0 9 7 5 )  
used a Sephadex G 200 a n t i  -  human Fab column to show that
0 2 2
there  was a subpopulat ion of  lymphocytes which was E ,Slg , C^R*. This  
was confirmed by Horwitz et  a l . , (1978) using anti-human Ig Immobilized  
to p e t r i  dishes to  remove S Ig *  c e l l s .
Problems o f  nu l l  c e l l  c l a s s i f i c a t i o n
The usual d e f i n i t i o n  of  nul l  c e l l s  depends on the lack o f  SRBC 
receptors and SIg on the lymphocytes (Froland,  W is lo f f  and Michael sen,
1974; Horwitz and Lobo, 1975; D ic k le r ,  1976 b; Kalden et  a l . ,  1977;
Niaudet,  Greaves and Horwitz ,  1979)*  However, recent work has suggested 
th a t  nul l  c e l l s  do Ln,fact bear SIg (Haegert ,  3978; Haegert and Coombs,
1979; Haegert ,  1980; Pepys, Tennant and Pepys, 1981).  The techniques  
used (D i re c t  A n t ig lo b u l in  Rosettrng Reaction -DARR; Mixed A n t ig lo b u l in  
Rosett ing Reaction -MARR; a l k a l i n e  phosphatase la b e l led  anti-human  
polyva lent  Ig) enhanced the s e n s i t i v i t y  of  the d i r e c t  l a b e l l i n g  methods 
usua l ly  employed. Results suggested th a t  9 9 -3 0D% o f  a l l  per iphera l  
blood nonrT c e l l s  express S Ig ,  a l though Haegert (1980) had suggested 
tha t  10% of  nul l  c e l l s  (as detected by d i r e c t  f luorescence) may t r u l y y  
lack SIg and that th is  might r e f l e c t  the heterogeneity  expressed amongst 
convent iona l ly  defined nu l l  c e l l s .
I t  has a lso been suggested th a t  nu l l  c e l l s  may be T c e l l s .  Horwitz  
et  a l . ,  ( 1978) reported that  11 % o f  t h e i r  L c e l l  populat ion consisted  
of  'contaminating T c e l l s  which reacted w i t h  ant inhuman T lymphocyte 
antiserum and with  sheep e ry th rocy te s .  Also,  e lec tron  micrographs have 
indicated that  nul l  c e l l s  and T c e l l s  are iden t ica l  morphologica l ly  
( F e r r a r in i  e t  a l . ,  3980 ) .  The sëme workers showed that  both these c e l l s  
have paranuclear l o c a l i z a t io n  o f  acid hydrolases.
S i m i l a r i t i e s  between nul l  c e l l s  and monocytes have also been observed.  
Niaudet ,  Greaves and Horwitz ,  (1979) and Horwitz et  a l . ,  0 9 7 8 )  have shown 
tha t  nu l l  c e l l s  react w i th  a n t i - l a  and a n t i -m ye lo id  a n t i s e r a .  More
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r e c e n t ly ,  Kay and Horwitz (1980) showed that nul l  c e l l s  were OKMl* but 
were non-phagocytic and lackedcC-naphthyl  esterase.  Thus, the true  ontogeny 
of  nul l  c e l l s  remains unclear and obviously more work is required in th is  
f i e l d ,
i v ) HLA-DR re la ted  (human i a - l i k e )  a n t i gens
Human l a - l i k e  antigens were f i r s t  recognised as a ser ies  of  HLA-1inked 
a l lo a n t ig e n s ,  p r i n c i p a l l y  on B lymphocytes, using sera from multiparous  
women (Winchester e t  a l , ,  1975). The subsequent preparat ion of  hetero-  
ant i  sera from rebbi ts  made hyperimmune to iso la ted  c e l l  membrane prote ins  
from B lymphoblastoid c e l l  l i n e s ,  al lowed the i d e n t i f i c a t i o n  of  these a n t i ­
gens on other c e l l s .  Using such an an t i  serum, Fu et  a l . ,  (1978) and Yu et  a l . ,
( 1980) demonstrated the presence o f  l a - l i k e  antigens on a small proport ion  
of  normal c i r c u l a t i n g  T c e l l s .  However, Evans et  a l , , (1978) were unable 
to detect l a - l i k e  antigens on normal c e l l s  using he teroant isera  and a 
f luorescence ac t iva te d  c e l l  so r te r  (FACS) system. In v i t r o  s t im ula t ion  of  
lymphocytes (by mitogens, soluble  antigens and a l logene ic  MLC) has been 
shown to induce l a - l i k e  antigens on T b lasts  which appear In c u l tu re  a f t e r
4 .6  days (Evans e t  a l , ,  1978; Yu e t  a l . ,  1980).  In c o n t ra s t ,  in vivo
immunization induces an Increase in smal l ,  DR* lymphocytes a f t e r  2-3 days.
When c u l tu red ,  these c e l l s  do not incorporate thymidine,  Despite these
confl ict ing re s u l ts ,  the data c l e a r l y  ind ica te  that HLA-DR antigens are
expressed on T c e l l s .  The t h i rd  major lymphocyte subpopulation has also  
been shown to express l a - l i k e  antigens.  Horwitz e t  a l . ,  (1978) showed 
th a t  42% of  the c e l l s  in an L c e l l  enriched populat ion expressed l a - l i k e  
antigens,  Thus, a l l  the major subpopulat ions of  lymphocytes have been shown 
to express HLA-DR re la ted  antigens,  Accessory c e l l s  a lso express l a - l i k e  
ant igens,  Engleman e t  a l , ,  (19.80) showed that  approximately two th i rd s  of  
the per iphera l  blood monocyte populat ion was DR*. Expression of l a - l i k e  
antigens by other accessory c e l l s  has been reviewed by Lipsky and Kettman
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(1982).  The functional  relevance o f  these antigens w i l l  he discussed in 
Chapter 1 Section 11 o f  th is  th e s is .
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S E C T I O N  1 1
(A) In t roduct ion
In section A 1 of  th is  thes is  the e a r ly  experimental  work which 
lead to the i d e n t i f i c a t i o n  of  the major lymphocyte subpopulations was 
described.  Most of  th is  work involved in v ivo functional  studies and 
i t  is the functiona l  a c t i v i t i e s  o f  lymphocytes which w i l l  be considered 
in th is  sec t ion .  Two e a r l y ,  important observations showed that neonatal  
bursectomy in chickens reduced serum antibody leve ls  and that neonatal  
thymectomy impaired delayed- type h y p e r s e n s i t iv i ty  (DTH) reactions  
(Jankowic,1 963) and delayed homograft r e je c t io n  (GVH) (Asplnal l  e t  a l . ,  
1963) .  This lead Warner and Szenberg 0 9 6 4 )  to suggest a functional  
d is s o c ia t io n  between c e l l  mediated (DTH, GVH) and humoral (Ab production)  
responses -  the former being mediated by T c e l l s ,  the l a t t e r  by B c e l l s .  
Although i t  is no longer accepted that  th is  s t r i c t  dichotomy r e a l l y  ex is ts  
i t  is he lp fu l  to use these terms when descr ib ing various immune responses.
(.B)Humoral immunity
Humoral immunity ( ie .  the production of  antibody) was o r i g i n a l l y  
thought to be mediated so le ly  by B c e l l s  (Warner and Szenberg, 1964).  
However, Claman et  a l . ,  (.1966) suggested that  the humoral response to 
some antigens depended on a s y n e rg is t ic  act ion  between T and B c e l l s .
This e a r ly  work st imulated an in v es t ig a t io n  into  the regu lat ion  of  the 
humoral response by c e l l u l a r  i n t e r a c t io n ,  i t  is now known that both 
p o s i t i v e  (.Kelp) and negative  (suppression) s ignals  control  the production  
of  antibody,  These e f f e c t s  and the c e l l s  which mediate them are discussed 
below,
i ) P o s i t i v e  regu la t ion  o f  the humoral response (he lper  e f f e c t s )
The synergy suggested by Claman e t  a l , , ( 1 9 6 6 )  was l a t e r  examined using
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the ' h a p te n -c a r r i e r ' e f f e c t  (M itch ison,  1971).  The hapten (d in i t r o p h e n o l -  
DNP) conjugated to the c a r r ie r -c h ic k e n  gamma g lobu l in  (CGG) was in jec ted  
in to  mice. The re su l t in g  primed splenocytes were transferred to v i r g i n  
re c ip ie n ts  which were chal lenged w i th  DNP-BSA (DNP-bovine serum albumin).
A good secondary anti -DNP response was only observed when DNP-CGG primed 
c e l l s  were t ra n s fe r red  with  the BSA primed T c e l l s .  These c e l l s  were termed 
helper c e l l s  (T^) .  With the development of  a n t i - s e r a  against T c e l l  s p e c i f i c  
ant igens ,  i t  became possible  to i d e n t i f y  those subpopulat ions which 
provided th is  help.  I t  also lead to the r e a l i z a t i o n  that T c e l l  mediated 
help was a complex process requ ir ing  the in te r a c t io n  of  several  d i f f e r e n t  
c e l l  types (see Fig l . J ) .
Amongst the f i r s t  a l lo a n t ig e n s  found to  be present on T c e l l s  were 
those of  the Ly ser ies  (Sec 3 B i l ) .  The ir  presence on T^ c e l l s  was 
invest iga ted  by Feldmann, Beverley and Dunkley (1975) who showed that  
the in v i t r o  production of  a n t i -k e y h o le  l imper haemocyanin (KLH) antibody  
(determined by a plaque forming c e l l  (PFC) assay) could be abrogated by 
t r e a t i n g  the c e l l s  w i th  complement and a n t i - L y  3 anti  serum. A nt i -Ly  2 
an t i  serum had no e f f e c t ,  thus suggesting tha t  T^ c e l l s  are Ly 1*2 . These 
re su l ts  were confirmed by Cantor, Shen and Boyse (1976) using sheep red 
blood c e l l s  (SRBC) as antigen,  In a d d i t io n ,  they showed th a t  a f t e r  a n t i ­
genic chal lenge,  the development o f  T c e l l  help was favoured by the 
presence o f  ^high responder' I r  genes . They a lso reported the presence 
of  a fu r t h e r  subgroup of T c e l l s  w i th  the phenotype Ly 3 * 2 * 3 *  which they 
termed e a r ly  appearing or immature T c e l l s  ( .T^cel ls ) ,
The Ly 3* T^ e f f e c t o r  c e l l s  were shown to be derived from precursor  
c e l l s  which expressed the same phenotype as the e f f e c t o r  c e l l s  (Feldmann 
et a l . , 3 9 7 7 ) .  These workers found th a t  the d i f f e r e n t i a t i o n  o f  precursors  
to e f f e c t o r s  was mediated by a m p l i f i e r  c e l l s  which expressed the pheno­
type Ly3*2*3*  i These.'ce 11 s are probably id e n t ica l  to the T^ c e l l s
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F igure 1 . 1  A possible mechanism fo r  T c e l l  he]d in ant ibody production
in mice
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described by Cantor,  Shen and Boyse (1976).  Further evidence fo r  the 
requirement o f  a t  leas t  two T c e l l  subpopulations for  the expression of  
T c e l l  help came from the work o f  Muirhead and Cudkowicz (1978).  They 
examined T c e l l  help in response to SRBC in (C57BL/6 x C3H/He) FI mice 
and described two subpopulations involved in the react ion;  T^ (which 
were s e n s i t i v e  to anti - thymocyte  serum-ATS- and persisted a f t e r  adul t  
thymectomy-ATx) and T^ ( r e s is ta n t  to ATS; short l ived a f t e r  ATx) . Tj  ̂
c e l l s  were required to i n i t i a t e  the anti-SRBC response w h i ls t  add i t ion  
of  T^ c e l l s  resul ted in i t s  exponential  a m p l i f ic a t io n .  T^ c e l l s  exh ib i ted  
the Ly 1 * 2 * 3 *  phenotype. Studies using v in b la s t in e  lead the authors to 
suggest tha t  Tj  ̂ c e l l s  t r iggered  unprimed B c e l l s  in conjunction with  
antigen w h i ls t  T^ c e l l s  increased the number of  PFC produced by the 
t r ig g ered  B c e l l s .  Tada et  a l . , 0 9 7 8 )  using BALB/c and C3H/He mice a lso  
described two helper T c e l l  populat ions ca l led  Th  ̂ and Th2 » Th  ̂ c e l l s  were 
shown to i n i t i a t e  antibody production by B c e l l s  and to express the 
phenotype Ly 1* la , Th2 c e l l s  acted syn erg is t ica lTy  with  Th^, very 
small numbers augmenting the antibody response, Th2 were also shown to be 
Ly 1* but l a * ,
Thus, the data suggests that T c e l l  help in mice is mediated by the 
i n te r a c t io n  o f  several  d i f f e r e n t  T c e l l  subsets. The e f f e c t o r  c e l l  appears 
to be Ly 1* .  However, the phenotypes o f  the a m p l i f ie r  and e f f e c t o r  
precursor c e l l s  are uncer ta in .  A m p l i f i e r  c e l l s  (T^) w ith  the phenotype 
Ly 1 *2 *3 *  probably act  upon e f f e c t o r  precursors (Th^) causing t h e i r  
d i f f e r e n t i a t i o n  into  helper e f f e c t o r  c e l l s  (Th2) .
Helper T c e l l s  in humans were found to have s p ec i f ic  c e l l  surface  
markers by Moretta e t  a l , , ( l 9 7 7 ) .  These workers showed that T c e l l s  
expressing Fc R helped PWM induced p r o l i f e r a t i o n  of  B c e l l s  and suggested 
that  Tyu, and T^ c e l l s  were responsible fo r  help and suppression re sp e c t iv e ly .  
However, subsequent work (discussed in Sec.1 C i )  indicated that both 
fc^ and Fcj could be expressed on the same c e l l  and hence these markers
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did not de f ine  fu n c t io n a l ly  d i s t i n c t  subpopulat ions. Recently Endoh et  
a l . , ( 1 9 8 l )  have shown tha t  ToC c e l l s  help B c e l l s  to produce IgA. This 
suggests tha t  T c e l l s  expressing d i f f e r e n t  FcR may provide help fo r  the 
production of  d i f f e r e n t  classes o f  Ig.
The recent development o f  monoclonal antibodies  has enabled a more 
precise i d e n t i f i c a t i o n  to be made o f  the T c e l l s  which provide help in 
a humoral response. The best documented o f  these ant ibodies  are those of  
the OK (Ortho Pharmaceutical Comp.) s e r ie s .  T^ c e l l s  are contained in 
the OKT 4 *  subset of  T c e l l s  (Reinherz and Schlossman, 1980a,b;  rev iews).  
The OKT 4 *  c e l l s  (which correspond to the TKZ subset described by Evans 
et  a l . ,  1978) (Reinherz e t  a l . ,  198Q)are present in the per iphera l  blood 
in s im i la r  proport ions to the Ly 1* subset in mice ( approximately 60% of  
T c e l l s ) .  These authors a lso reported tha t  Ly 1* and OKT 4 *  c e l l s  responded 
s i m i l a r l y  to s t im u la t ion  by Con A and PHA. More r e c e n t ly ,  Reinherz et  a l . ,  
( 1982) developed a monoclonal antibody (T Q1) which reacted w i th  70-85%
OKT 4*  c e l l s ,  50% OKT 4 /OKT 8*  c e l l s  and a f r a c t io n  o f  B and nul l  c e l l s .  
Those T c e l l s  which provided belp fo r  PWM stimulated Ig production  
belonged to the small OKT 4 *  TQ 1 subpopulat ion.  .Gôr|e.'I e t  a l . ,  (1982)
produced a monoclonal antibody to human T c e l l s  a c t iv a te d  in a secondary
mixed lymphocyte c u l tu re  (MLC). The antibody - 5 / 9 “ reacted w i th  only  
15- 20% per iphera l  T c e l l s  and about 33% nul l  c e l l s .  These workers found 
that  the helper a c t i v i t y  required fo r  PWM stimulated B c e l l  d i f f e r e n t i a t i o n  
was r e s t r i c t e d  to and highly  enriched in the 5/ 9*  subpopulat ion of  
per ipheral  blood T c e l l s .  They a lso  examined FcR expression in the 5 / 9 *  
populat ion and found that 25% were Fc  ̂ R* and 50% were Fcy-\ R*,  again 
in d ica t ing  tha t  T helper c e l l s  may express Fc^R and Fc^R. V i r t u a l l y  a l l
5 / 9 *  c e l l s  were also OKT 4*/0KT 8 . These resu l ts  suggest tha t  the
subpopulat ion defined by the monoclonal antibody 5 /9  is the same as the.
OKT 4 *  TQl subpopulat ion,  A monoclonal antibody to the human T c e l l  l in e  
HSB-2 C3A1) was found to react w i th  85% E* per ip hera l  blood lymphocytes.
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The 3A1* subset o f  T c e l l s  helped autologous B c e l l s  to p r o l i f e r a t e  and 
d i f f e r e n t i a t e  in response to PWM s t im u la t io n  (Haynes et  a l . , 1 9 8 0 ) .
However, these c e l l s  could also be s t imulated by Con A to suppress 
in v i t r o  Ig synthes is .  These resu l ts  suggest tha t the 3A1 monoclonal 
antibody de fines  a f u n c t io n a l ly  heterogeneous subpopulat ion of  T c e l l s .  
Hoffman et  a l . , ( l 9 8 l )  produced he te roant is e ra  to the HSB-2 and to the 
Sezary c e l l  l i n e s .  These workers found tha t  the helper c e l l s  fo r  PWM 
dependent Ig synthesis were included in the a n t i -S eza ry  c e l l *  subpopulation  
(50- 70%) w h i ls t  the anti -H SB-2*  populat ion (30-50%) contained the c e l l s  
responsible  fo r  suppression in th is  system. The c o n f l i c t in g  resu l ts  
produced by Haynes e t  a l . , ( 1 9 8 Q )  concerning the re la t io n s h ip  between 
the expression of the HSB-2 derived antigen and T c e l l  help may r e f l e c t  the 
drawbacks o f  the use of  monoclonal antibodies  proposed by Lane and 
Koprowski ( 1982) .
Thus T^ c e l l s  may be defined in the human system by the use of  
numerous monoclonal an t ibod ies ,  Whether or not both helper inducer and 
helper e f f e c t o r  c e l l s  e x is t  in humans has not yet  been c le a r l y  es tab l ished .
P o s i t iv e  re gu la t ion  by non-T c e l l s
Several workers have shown that  c e l l u l a r  p r o l i f e r a t i o n  and a n t i ­
body production in response to a n t ig en ic  or mltogenlc s t im u la t ion  have 
been g r e a t ly  reduced or t o t a l l y  abolished by r igorous deplet ion  of  mono­
cytes from the cu l tures  (Pierce,19&9;  Shortman et  a l , , 1 9 7 0 ;  Gehrz and 
Knorr,  1979; Innes et  a l , ,  1979; Eardley et  a l , ,  1979; Scott Boswell 
Sharrow and Singer ,  I 98O; Abramson, Puck and Rich,  I 98I ;  Neefe,  Curl 
and Woody, I 98I ;  Ruscett i  and Gal lo ,  1981; A lp e r t  e t  a l , , 1 9 8 1 ) ,Recognition  
of  monocyte presented antigen by T c e l l s  requires  the expression o f  l a /
DR re la te d  determinants on the monocyte (Schwartz, 1978; Cowing e t  a l . ,  
1978; Hodes e t r a l . , 1978; A lper t  et  a l . ,  I 981) ,  A v a r i e t y  o f  other  c e l l s  
have been shown to perform the same functions  as monocytes (reviewed by 
Lipsky and Kettman, 1982), These accessory c e l l s  lack s p e c i f i c i t y  and 
are nonrlymphoid (Lipsky and Kettman, 1982),  However, nul l  c e l l s  have
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a lso  been reported to perform accessory c e l l  funct ions .  Horwitz and 
Garret  (1977) and Lobo( l98 l)  showed tha t  L c e l l s  enhanced T c e l l  
blastogenesis  in response to mitogens and antigens but only in the 
presence o f  monocytes. Caraux e t  a l . , ( l 9 8 2 )  a lso  observed th is  e f f e c t  
but suggested tha t  there  was no requirement f o r  monocytes. However, 
contaminating monocytes in the nul l  c e l l  populat ion (<0.5%) may have 
been s u f f i c i e n t  to mediate T c e l l  s t im u la t io n .
Carvalho,  Davis and Horwitz (1980) examined the e f f e c t  (on ConiA 
induced T c e l l  blastogenesis)  of  mitomycin treatment of  T c e l l s  or L 
c e l l s .  The resul-ts showed that p r o l i f e r a t i o n  o f  L c e l l s  is not required for  
them to enhance T c e l l  b las to genes is . Nu11 c e l l s  have been reported also  
to a f f e c t  mitogen induced Ig production by per iphera l  blood lymphocytes 
Lobo,1 981) * ' When L c e l l s  were reacted w i th  antibody sen s i t i zed  e r y t h r o ­
cytes ,  Lobo ( 1981) found tha t  al though blastogenesis was enhanced, Ig 
production was s i g n i f i c a n t l y  reduced.In  c o n t r a s t ,  Carvalho,  Davis and 
Horwitz ( 1980) found that  L c e l l s  enhanced Ig synthesis when st imulated  
w ith  KLH-antiKLH complexes.However, these opposing resu l ts  may be due 
to  the d i f f e r e n t  s t im u l i  used in the two re por ts .  Thus, the data suggests 
th a t  nul l  c e l l s  are capable o f  performing a type of  accessory ro le  in 
immune responses. Indeed, the recent observation by S tav i tsky  ( 198O) 
o f  a non-T,  non-B, FcR* c e l l  in mice which is capable of  presenting Ag 
to r e a c t iv e  lymphocytes would agree w i th  th is  idea.
Soluble helper fa c tors
Whi ls t  i t  has been known fo r  many years tha t  T c e l l s  p a r t i c i p a t e  
in humoral immune responses, the precise  nature of  the helper fa c to rs  0 
involved is unclear .  Feldmann and Basten (T972) and Feldmann (1972)  
showed tha t  soluble fac to rs  were produced by T c e l l s  which in the  
presence o f  monocytes, enabled B c e l l s  to produce an antigen s p e c i f i c  
response.Two types of  helper fa c to rs  (HF) have been defined: i )  non­
s p e c i f i c  HF (produced by a l loge ne ic  s t im u la t io n  o f  T c e l l s ;  Schimpl and
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Weaker, 1972; Amerding and Katz,  1974); i i )  antigen s p e c i f i c  HF (Feldmsnn 
1972; Taussig e t  al . ,  1975; Z v a î f l e r  e t  a l . ,  1979).
Accessory c e l l s  also produce soluble  fac to rs  which enhance both T 
and B c e l l  p r o l i f e r a t i o n .  Lymphocyte a c t iv a t i n g  fa c to r  (LAF) or i n t e r ­
leukin  1 ( I ’Ll )  is produced by monocytes. I t  is g enera l ly  assayed by i t s  
a f f e c t  on T c e l l  a c t iv a t io n  (Gery e t  a l . ,  1972) al though i t  has not been 
demonstrated tha t  i t  acts d i r e c t l y  on T c e l l s .  A molecule s im i la r  to LAF,
BAF (B c e l l  a c t iv a t in g  fa c to r )  has been shown to play a ro le  in the 
a c t i v a t i o n  of  B c e l l s  to IgM production (Schrader, I 98O). I t  a lso  inf luences  
B c e l l s  to respond to an ampl ifying  signal  (T c e l l  replacing fa c to r  -  TRF) 
produced by a c t iv a te d  T c e l l s  (Schimpl and Wecker, 1975; Schrader e t  a 1,
1980) .  The funct ions o f  both LAF and BAF are probably f u l f i l l e d  by I L I .
The l a t t e r  is v i t a l  fo r  the production o f  ( L2 (T c e l l  growth f a c to r  -  
TCGF) a soluble fa c to r  released by a subpopulat ion of  T c e l l s  (on 
s t im u la t io n  by I L i )  which i n i t i a t e s  the p r o l i f e r a t i o n  of  other T c e l l  
subsets (Ruscett i  and Gal lo ,  1981).
Null c e l l  mediated help Is a lso thought to occur through the agency 
of solub le  fa c to rs .  Caraux et a l , ,  (1972) showed (using an agar layer  
technique) tha t  Con A st imulated c e l l s  produced soluble fac to rs  which 
enhanced T c e l l  b lastogenes is ,
Thus, enhancement o f  the humoral response appears to depend upon a 
complex in te ra c t io n  of  T c e l l  subsets,  B c e l l s ,  nul l  c e l l s ,  accessory  
c e l l s  and the soluble fa c tors  produced by them,
i i ) Nega t i v e  regu la t io n  of  the immune response (suppress ion)
The complex in te rac t io n  of  d i f f e r e n t  c e l l  populat ions required to 
augment Ab production has also been shown to be required fo r  i t s  suppression.  
Using an antigen (KLH) st imulated system, Feldmann, Beverley and Dunkeley 
( 1975) showed that suppression of Ab production-was mediated by a lymphocyte 
expressing the Ly 2*  phenotype. This was confirmed and extended by
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Beverley e t  a l . ,  (1976) who showed that antigen st imulated T suppressor 
(Ts) c e l l s  have the phenotype Ly 1 2 * 3 * l a * .  Mitogen a c t iv a te d  Ts c e l l s  
were also shown to express the Ly 2 /3  a n t igen ic  complex (Jandinski e t  a l . ,
1976) .  Herzenberg e t  a l . ,  (1976) found th a t  the development of  T c e l l  
mediated suppression was dependent on a Ly 1* T c e l l .  Eardley e t  a l . ,
( 1978; 1979) using an SRBC stimulated system, l a t e r  showed tha t  L y l *  c e l l s  
induced suppressor a c t i v i t y  in a very small proport ion of  the res t ing  
Ly 1 * 2 / 3 *  subpopulat ion of  T c e l l s .  In c o n t ra s t ,  Feldmann e t  al . , 0 9 7 7 )  
using a KLH st imulated system, found tha t  the c e l l s  e f f e c t i n g  suppression 
were Ly 2 / 3 * l a *  and d i f f e r e n t i a t e d  from Ly 2 / 3 * l a  precursor c e l l s  a f t e r  
in te r a c t io n  wi th  Ly 1 * 2 / 3 * i a  a m p l i f i e r  c e l l s .  A recent review of T c e l l  ». 
mediated suppression has suggested tha t  the phenotype of  T suppressor  
c e l l s  depends upon the st imuli  used to induce them (Germain and Benacerraf ,  
1981) ,  This may expla in  the contrast ing  resu l ts  quoted above. A possible  
mechanism of  Ag s p e c i f i c  suppression of Ab production is o u t - l i n e d  in 
Figure 1 .2 .
Suppressor c e l l s  have also been i d e n t i f i e d  in the human system.
Shou, Schwartz and Good (1976) showed that  preincubation o f  c e l l s  w i th  
Con A,generated suppressor c e l ls  which in h ib i ted  mitogen or ant igen  
st imulated blastogenesis in cu l tures  of  fresh c e l l s .  The degree o f  
suppression observed in such cu l tures  was found to p a r t i a l l y  c o r r e la t e  
with  an observed increase in T'  ̂ c e l l s  in the Con A st imulated populat ion  
(Gupta, Schwartz and Good, 1979).  Moretta et  a l . ,  0 9 7 7 )  reported that  
T"̂  c e l l s  could suppress PWM induced blastogenesis a f t e r  p r e incubât ion wi th  
immune complexes. Thus, Ts c e l ls  were thought to i n v a r ia n t l y  express FcyR. 
However, as discussed p re v io u s ly . (S e c t io n  1 C i i ) : t h i s  was found to be 
untrue and other methods of  c e l l  subset i d e n t i f i c a t i o n  were sought.
Reinherz et  a l . ,  ( 198O a) immunized CAFj/J mice with  human thymocytes and 
fused the spleen c e l l s  w i th  P3 x 63 Ag 8UI myeloma c e l l s .  The r e s u l t in g  
monoclonal antibody -OKT 5" reacted w i th  those per iphera l  blood T c e l l s
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(20%) which formed the THZ+ subset described by Evans et  a l . ,  (1978;1979)*  
The OKT 5+ c e l l s  were found to e x h i b i t  suppressor a c t i v i t y  a f t e r  s t im u la ­
t io n  by Con A. Also Morimoto, Reinherz and Schlossman (1981) found that  
the monoclonal antibody OKT 8 reacted w i th  Ts c e l l s  induced in cu l tu res  
stimulated w i th  KLH. More re c e n t ly ,  Thomas e t  a l . ,  (1982) reported the 
generation in a PWM stimulated system of  suppressor c e l l s  w i th  the pheno­
type OKT 4+/17+.  The monoclonal antibody 0KT17 reacted wi th  the m a jo r i ty  
of re s t in g  normal per iphera l  blood T c e l l s .  Upon s t im u la t ion  w î th  PWM, 
ra d io s e n s i t iv e  helper c e l l s  were found to lo&ec t h e i r  r e a c t i v i t y  wi th  
OKT 17 w h i ls t  suppressor c e l l s  and r a d io - r e s is t a n t  helper c e l l s  did not.  
Morimoto e t  a l . ,  (1982) showed th a t  suppression during the induction of  
a primary in v i t r o  anti-DNP response required both OKT 4+ and OKT 5/8+  
c e l l s .  A f t e r  induction o f  the response, only OKT 5 /8+  c e l l s  were required .  
This may exp la in  the contrast ing  re s u l ts  of  Thomas e t  a l , , ( l 9 8 2 )  and 
Morimoto, Reinherz and Schlossman [1981),  T c e l l s  expressing an antigen  
re a c t iv e  w i th  the monoclonal antibody 3A1 shown by Haynes e t  a l . ,  (1980) 
to enhance Ig production in a PWM stimulated system, were a lso found to  
suppress Ig synthesis when st imulated wi th  Con A. In c o n t ra s t ,  a h e te ro -  
ant i  serum to HSB-Ï-2 (3A1 is a monoclonal antibody produced to HSB^2) 
reacted w i th  only suppressor c e l l s  (ffcffman e t  a l . ,  19811.
Thus, T c e l l  mediated suppression of Ig synthesis involves the 
in t e r a c t io n  of  two or more T c e l l  subsets. However, other c e l l s  have been 
implicated in th is  phenomenon and these w i l l  be discussed, b r i e f l y ,  below.
Other c e l l s  involved in the suppression o f  I g svn th e s is .
The ro le  o f  monocytes/macrophages in the development o f  T c e l l  
mediated suppression is contentious* Feldmann e t  a l . ,  0 9 7 7 )  using a 
KLH s timulated  system suggested tha t  monocytes were not important.  However, 
Innes e t  a l . ,  [19791 using a Con A st imulated system showed that extensive  
dep le t io n  o f  monocytes in h ib i te d  the development o f  Ts c e l l s .  This anomaly
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may r e s u l t  from the problems of  to t a l  moncyte deplet ion  or from the  
d i f f e r e n t  methods o f  s t im u la t io n  used. Tsokos and Balow (198l )  showed that  
suppression induced in PWM st imulated cu l tured was mediated by a soluble  
f a c t o r ,  the production of  which was abolished by monocyte d e p le t io n .
Null c e l l s  have a lso  been impl icated as mediators o f  suppression.  
Workers have shown th a t  L c e l l s  could be st imulated by mitogens to produce 
soluble  fa c to rs  which could enhance the p r o l i f e r a t i o n  of  T c e l l s  in the  
c u l t u r e  (Carvalho,  Davis and Horwitz ,  1980; Caraux et  a l . ,  1982).  Also,
Lobo ( 1981) showed tha t  production of  Ig was s i g n i f i c a n t l y  reduced when L 
c e l l s  were reacted wi th  antibody sens i t ized  erythrocytes  p r io r  to mitogen 
s t im u la t io n .
Thus, monocytes' and nul l  c e l l s  both play a part  in suppression 
o f  Ab production.  B c e l l s  have also been implicated in th is  phenomenon. 
Shimamura, Hashimoto and Sasaki ,  0 9 8 2 )  showed that the adoptive  t r a n s fe r  
of  SRBC primed splenic  B lymphocytes resul ted in the suppression o f  Ag 
s p e c i f i c  Ab synthesis in the r e c ip ie n t  mice. Cel l d iv is io n  and p ro te in  
synthesis  were not required fo r  expression o f  th is  e f f e c t ,  ne i th e r  were 
soluble  fa c to rs .  The authors suggested that Ts c e l l s  were ac t iv a te d  by 
immune B c e l l s  in the presence of  Ag in the r e c ip ie n ts .  However, the 
methods used fo r  the i s o la t io n  of  the t ran s fe r re d  B c e l l s  did not exclude  
the p o s s i b i l i t y  tha t  the e f f e c t  may have been mediated by nul l  c e l l s .
Soluble fac to rs  mediat ing suppression
Many workers have reported the exis tence o f  solubtle immune response 
suppressor fa c tors  (SIRS; Rich and P ierce ,  1974; Tadakuma and P ie rc e ,  1976; 
1978; Kontlai inen, Todd and Feldmann, 1982).  Tadakuma and Pierce (1978) 
showed tha t  SIRS were produced by Con A ac t iva te d  Ly 2 /3+  T c e l l s  and ■. 
mediated suppression by t h e i r  e f f e c t  on monocytes which l im i ted  B c e l l  
p r o l i f e r a t i o n  to both T dependent and T independent ant igens.  Kontiaineni; 
Todd and Feldmann (1982) showed th a t  SIRS produced in v i t r o  could mediate  
suppression in v ivo ,  Suppression was not the re s u l t  o f  a l t e re d  k in e t ic s
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but was due to a decrease in peak Ig production.
Thus, the work presented in th is  section shows that regu la t ion  of  
the humoral immune response is a complex phenomenon involving the act ions  
of  T,  B and nul l  lymphocytes and var ious accessory c e l l s .
(C) Cel l  mediated immune responses.
The c e l l  mediated branch o f  the immune response may be div ided into  
delayed- type  h y p e r s e n s i t iv i ty  reactions [DTH; Type 1 h y p e rs e n s i t iv i ty  
re ac t io n )  and the responses involv ing cy to tox ic  c e l ls  (Type 11 h y p e rs e n s i t iv i ty  
r e a c t i o n ) .  The c e l l u l a r  events involved in these reactions are complex 
and have been e x ten s ive ly  reviewed. I t  is not Intended to discuss th is  top ic  
at  any length in th is  section.  However, since nul l  c e l l s  have been shown 
to be Involved in cy to tox ic  reac t io n s ,  t h e i r  ro le  in c e l l  mediated immune 
responses w i l l  be d is c u s s ed ,b r ie f ly ,  below, 
i ) The ro le  o f  nul l  c e l l s  in c y to tox ic  reactions
The best documented funct ion  of  nu l l  c e l l s  is t h e i r  a c t i v i t y  in 
natura l  k i l l e r  (NK; Heberman e t  a l . ,  1979). and antibody dependent c e l l u l a r  
c y t o t o x i c i t y  (ADCC; Perlmann, Perlmann and W ig z e l l ,  1972) reac t ions ,  
although there is some controversy over the t rue  nature of  the e f f e c t o r  
c e l l s  in these reac t ions .  B r i e r ,  Chess and Schlossman (1975) showed that  
the e f f e c t o r  c e l l s  in ADCC a c t i v i t y  against Ab coated autologous lymphocytes 
were SIg , lacked receptors for  SRBC fayt did possess receptors for  complement. 
They a lso  showed tha t  ADCC depends on the presence on the e f f e c t o r  c e l l s  
(K c e l l s )  of  Fc R. These resu l ts  were confirmed by Kiessl ing e t  a l . ,  (1976) 
and Perlmann et  a l . ,  (1976).  However, o ther  workers have reported nul l  c e l l  
populat ions  depleted o f  C^R+ c e l l s  which could s t i l l  e x h ib i t  ADCC a c t i v i t y  
(Horwitz  and G a r r e t t ,  1977; Despont et  a l . ,  1981).  HLA-^DR re la ted  antigens  
( l a - l i k e )  have not been demonstrated on K c e l l s .  Thus, there does not 
appear to be any MHC r e s t r i c t i o n  governing K c e l l  a c t i v i t y  ( in  contrast  
to c y to to x ic  T c e l l s ;  Ozer et  a l , ,  1979; Ng e t  a l . ,  1980; Despont e t  a l . ,
1981).
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NK a c t i v i t y  (c y to ly s is  which is not dependent on the presence o f  s e n s i t i ­
z ing antibody on the ta rg e t  c e l l )  has a lso been demonstrated to be con­
centrated in the nul l  c e l l  f r a c t io n  (K iess l ing  et  a l . ,  1976; Ozer e t  a l . ,  
1979; Ng e t  a l . ,  1980; Despont et  a l . ,  1981).  K iess l ing e t  a l . , ( 1 9 7 6 )  
showed tha t  these c e l l s  do not possess C^R w h i ls t  Pape, Troye and Perlmann 
(1979) demonstrated: that they are FcR+. These re s u l ts ,  plus the suggestion  
by Ozer et  a 1 . , (19 791  that  K and NK a c t i v i t i e s  are mediated by the same 
c e H  would also imply tha t  K c e l l s  are C^R'. Although the evidence fo r  NK 
and K c e l l  a c t i v i t y  in nul l  c e l l s  is convincing,  occasional  reports  have 
suggested tha t  these funct ions are a lso mediated by T cel I s . ( P a p e ,  Troye 
and Perlmann, 1979; Johnsen and Madsen, 19791* Pape, Troye and Perlmann 
(1979) measured NK a c t i v i t y  in c e l l  populations which bound to (HP+;T 
c e l l s )  or were e lu ted  from (HP ;non^T c e l l s )  He l ix  pomatia l e c t i n  columns. 
Both populat ions lysed K562 ta rget  c e l l s  and the e f fe c to r s  were Fc R+. 
Johnsen and Madsen (1979) showed that  both T and nul l  c e l l s  could mediate  
ADCC* The two e f f e c t o r  c e l l s  showed d i f f e r e n t  dose response curves and 
the authors suggested tha t  the ta rg e t  c e l l  may determine which populat ion  
e x h ib i ts  c y to tox ic  a c t i v i t y .  Thus, these resu l ts  ind ica te  th a t  c y t o t o x i c i t y  
Js a complex phenomenon mediated by a v a r i e t y  of  lymphocyte subpopulat ions.
(D) The ro le  of  the Fc receptor in immune regu la t ion
Receptors which bind the Fc por t ion  of  a l l  classes of  Ig have been 
demonstrated on a v a r i e t y  of  c e l l  types,  in several  d i f f e r e n t  species.  
Comprehensive reviews have been published concerning the s p e c i f i c i t y  and 
d i s t r i b u t i o n  of  these receptors ( D ic k le r ,  1976; Unkeless,  F l e i t  and Mellman,
1981) and th is  subject w i l l  be discussed below.
i ) Receptors fo r  I qM. [gAj I qD and I qE
Receptors fo r  igE,A and M have not been demonstrated on human 
monocytes/macrophages (Hel lstrom and Spiegel berg,  1979; Lawrence, Wiegle and 
Spiegel berg,  1975)* However, macrophage binding of IgA ,E and M has been
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demonstrated in o ther  species (Dorr ington,  19 7 7 ;B o i tz -N i tu lescu  et  a l . ,  I 98I )  
Neutrophils  have been shown to bind IgA but not lgM,D orE (Henson,
1977 ) ,  w h i ls t  basophils and mast c e l l s  have been shown to express receptors  
fo r  IgE ( D ic k le r ,  1976 b; Dorr ington,  1977).
Receptors fo r  IgM on T c e l l s  have been discussed previously  
(Chap. 1 Sec. I B  i ; C i ) .  Fc R have been demonstrated on both T and B 
c e l l s  (Lum et a l . ,  3979; Sjoberg,  3 980ci) . Lum et  a] . (  0 9 7 9 )  showed tha t  
receptors fo r  IgA were expressed on S'^% per iphera l  blood T c e l l s  and th is  
percentage increased a f t e r  overnight incubation at  37^C. Sjoberg ( 1 9 8 0 b )  
confirmed these f indings and reported that 10-15% per iphera l  blood non-T 
c e l l s  a lso  expressed Fc R.The same author a lso showed that receptors fo r  
IgD were expressed on both per iphera l  blood T and non?T c e l l s  (Sjoberg,
1980 9.). Heillstrom and ^ iège lberg  (3 979) showed that  a very small percentage  
o f  per iphera l  blood lymphocytes (1.2^0.4%) expressed receptors for  IgE.
T c e l l s  did not express th is  receptor and of those Fc R  ̂ B c e l l s ,  50-  
80% expressed SIgM and only 0-28% expressed SIgD.
Null c e l l s ,  iso la ted using a nt i - rhesus  a n t ib o d ie s ,  did not express 
receptors  fo r  lgM,lgA,lgD or IgE (Froland e t  a l , ,  1974).
i i ) Receptors  for  i aG
Work demonstrating the presence of  Fc^R on T,  B and nul l  c e l l s  has 
been discussed in the re levant preceding s e c t i o n s , .Other c e l l s  including  
monocytes/macrophages (Huber and Fudenberg, 39 68 ;A1exander et  a l . ,  1978; 
Barnett  Foster ,Dorr ington and P a in t e r ,  19.80;Lane e t  a l , 3 9 8 0 ) , neutrophi ls  
(Messner and J e l in e k ,  1970; Lawrence, Wiegle and Spiegel berg,  1975),  
p l a t e l e t s  (Hawiger e t  a l . ,  1979) and e p i t h e l i a l  c e l l s  (van der Muelen et  
a l . ,  1980) have a l l  been shown to possess receptors fo r  IgG.
Many workers have studied the s p e c i f i c i t y  o f  the binding between 
IgG and the Fc%R. The Fc region of  IgG is composed o f  2 domains, the 
second and t h i rd  constant regions on the heavy chains comprising IgG ^
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CH  ̂ and CH  ̂ (see Figure 2 . 1 ) .Workers have shown that  IgG binding by Fc^R 
depends on régions in both these segments (Spiegel  berg,  1975; Klein et  
a l . ,  1977; Alexander e t  a l . ,  1978; Barnet t  Foster ,  Dorrington and Painter  
1980) .  Kle in  et  a l . ,  (1977) showed tha t  the region in IgG responsible for  
binding to  FcR on a c t iv a t e d ,  murine T c e l l s  was located in the CĤ  domain. 
However, the observation that p u r i f i e d  CH2 fragments (but not F (ab ' ) 2  
were a lso bound,lead the authors to suggest tha t  s tab le  Ig-FcR i n t e r ­
act ion  was due to co -opera t ive  binding o f  s i t e s  in both the CH2 and CĤ  
reg io n s .S im i la r  resu l ts  were found with  guinea-pig per i tonea l  macrophages 
Alexander e t  a l . ,  1978).  Spiegel berg (1975) using an IgG  ̂ myeloma wi th  a 
d e le t io n  in the CĤ  region,  suggested that  the binding o f  IgG] by FcR on 
human lymphocytes involved s i t e s  in both the GH2 and the CĤ  domains.
Thas, al though i t  was obvious tha t  binding in both regions was required  
fo r  a s tab le  in te ra c t io n  between IgG and FcjR,  i t  was not c le a r  whether 
or not one s i t e  dominated the o th er .  Ciccimara,  Rosen and Merler (1975) 
showed th a t  the primary s i t e  of  attachment of  IgG] and IgG^ to the FcR 
on human rponocytes was in the CĤ  domain of  the Fc region.  In c o n t ra s t ,  
the FcR on t h i r d  populat ion lymphocytes exh ib i ted  p r in c ip a l  binding in the 
CH2 region (Froland et  a l . ,  1974).  However, K c e l l  a c t i v i t y  (which is 
thought to be mediated by. these lymphocytes) was not in h ib i ted  by the 
Facb fragment of  IgG (which contains the CH2 but not the CĤ  region;  
MacLennan, Connell and Gotch, 1974).  This discrepancy may r e f l e c t  the 
d i f f e r e n t  techniques used to detect CH2 region binding (Fch fragments 
from IgGg in contrast  to Facb) or a l t e r n a t i v e l y  may be evidence for  FcR 
heterogenei ty  on nul l  c e l l s .
Several  other methods have been used to examine the nature of  Fc R 
including competit ion experiments employing var ious  subclasses o f  IgG, 
heat aggregated lgG(Hagg) or immune complexes; enzymatic s t r ipp ing  of  FcR 
and heat induced shedding o f  FcR.Huber e t  a l . ,  ( 1971 ) ,  Froland et  a l . ,  
( 1974) ,  Alexander et  a l . ,  (1978) and Hal l and Bacon (1981) amongst others  
have shown that IgG] and IgG^ are more a v id ly  bound by mononuclear c e l l s
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than 1962 or IgG^. Treatment o f  human per iphera l  blood lymphocytes with  
pronase or papain indicated tha t  Fc R which bind immune complexes ( e i t h e r  
human ORh* erythrocytes  and a n t i -R h  (R ip ley) serum (EA^.) ,  or chicken 
erythrocytes(ChRBC) and anti-^ChRBC, are d i f f e r e n t  to those which bind 
Hagg (Gormus and Woodson and Kaplan,  1978).  Pronase treatment enhanced 
Fc R expression fo r  EAj .̂ w h i ls t  removing or in a c t iv a t in g  those receptors  
which bound Hagg. S im i la r  resu l ts  were observed by Winchester e t  a l . ,
( 1979) using keyhole l impet haemocyanin (KLH) anti -KLH and IgG a n t i - Ig G  
complexes. Further evidence o f  Fc R heterogenei ty  was produced by Lobo 
and Horwitz (1976).  They showed that Fc R expressed on B c e l l s  were t ryps in  
s e n s i t i v e ,  did not bind EA^. and binding to Hagg was v a r ia b le .  In c o n t ra s t ,
L c e l l s  bound Hagg and formed EA^. and the FcR was t ryps in  r e s is t a n t .  This  
work was confirmed by W in f i e ld ,  Lobo and Hamilton (1977) who showed that  
10- 15% of  per iphera l  blood lymphocytes formed EA^. rose t tes ,  t h e i r  receptors  
being pronase s e n s i t iv e  and t ry p s in  r e s is t a n t .  The FcR expressed on T and B 
c e l l s  were a l l  pronase and t ryps in  s e n s i t i v e .  In contrast to t h i s ,  Winchester  
et  a l . ,  ( 1979) suggested that  the FcR on T and nul l  c e l l s  are s im i la r  and 
d i f f e r  from those on B c e l l s .  Sandor e t  a l . , ( 1 978;1979) a lso demonstrated 
the exis tence of  two types of  Fc R based on t h e i r  s u s c e p t i b i l i t y  to  
temperature shock. Thus, when c e l l s  incubated at  4°C were t ra ns fe rred  to  
37°C fo r  45 minutes,  type 1 FcR (FcR 1) were shed w h i ls t  type 11 (FcR 11) 
were not .  The FcR 1 correspond to the low a v i d i t y  Fc R demonstrated on 
50% SlgM^ c e l l s  and approximately 10% T c e l l s  (W in f ie ld ,  Lobo and Hamilton
1977).
From th is  b r i e f  o u t - l i n e  i t  can be seen that Fc R expressed on 
var ious c e l l  populations are heterogeneous. Whether or not th is  non­
u n i fo rm i ty  r e f l e c t s  d i f f e r e n t  func t iona l  capa c i t ies  in the Fc R  ̂ populations  
is unc lea r .  The fo l low ing  section w i l l  b r i e f l y  discuss the possible  roles  
of  Fc R^ c e l l s  in the re gu la t ion  o f  humoral immunity, 
iji ) Fc R mediated suppression of l a product ion
A ro le  fo r  FcR in immune regu la t ion  was implied by experiments
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which demonstrated that antibody to an immunogen, when administered  
concurrent ly  w i th ,  or shor t ly  a f t e r ,  the immunogen, abrogated the humoral 
response observed wi th  immunogen alone ( S i n c l a i r ,  1969; Chan'and S i n c l a i r ,  
1971 ; Hoffman e t  a l . ,  1974, Kappler,  Hoffman and Dutton,  1978; Oberbarn-  
scheidt and Kolsch, 1978).  Kappler,  Hoffman and Dutton (1971) showed that  
pass ive ly  administered IgG anti-SRBC blocked the development o f  a n t i -  
SRBC IgM RFC in the spleens of naive mice by an Fc dependent mechanism.
Since th is  e f f e c t  may have been due to i n h i b i t i o n  of  T c e l l  he lp ,  Hoffman 
and Kappler (1973) developed a system to in v es t ig a te  th is  p o s s i b i l i t y .
They showed that  SRBC and Burro RBC (BRBC' cross react at  the T cel 1 
help level  but not at  the B c e l l  l e v e l .  Thus, i f  the e f f e c t  was due to  
i n h i b i t i o n  o f  T^ c e l l  a c t i v i t y ,  antibody to e i t h e r  SRBC or BRBC would 
i n h i b i t  the RFC response to both immunogens (when administered c o n c u rre n t ly ) .  
This  was found not to occur (Kappler et  a l . ,  1973) implying that  antibody  
mediated suppression was not e f fe c te d  by i n h i b i t i o n  of  T c e l l  help.  The 
e f f e c t  was a lso  shown to be antigen s p e c i f i c ,b u t  not determinant s p e c i f i c ,  
since the a n t i - t r i n i t r o p h e n o l  CTNR) and the anti-SRBC response to TNR- 
s u b st i tu te d  SRBC were abrogated by anti -TNR (Kappler e t  a l . ,  1973;
Hoffman, I 98O). However, SRBC administered a t  the same time as TNR-SRBC 
could e l i c i t  an anti-SRBC response. This and other  work by these authors,  
reviewed by Hoffman, ( 198O), demonstrated tha t  th is  was not a 'c e n t ra l  
e f f e c t ' ,  rendering the c e l l s  unresponsive to subsequent chal lenge.  Much of  
t h i s  work has been confirmed by Kolsch e t  a l . , ( 1 9 8 0 1 ,Hoffman and Kap^Jer 
( 1978) examined the e f f e c t  of  so lub le ,  T c e l l  replacing fa c to rs  on immune 
complex mediated suppression.  Using nu/nu mice (which lacked T c e l l s ) ,  
these workers showed that  tumor necrosis serum (TNS) could replace T c e l l s  
in an immune response, This serum contains T c e l l  replacing fa c to r  (TRF) 
and a fa c to r  a lso produced by Con A a c t iva te d  macrophages (TRF^M). These 
f a c to r s  are thought to act  s y n e r g i s t i c a l l y  in recrui tment  o f  B c e l l s  
(Hoffman, I 98O). Immune complex mediated suppression could be reversed by
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TNS but not by TRF (Oberbarnscheîdt and Kolsch, 1978; Hoffman, I 98O).
Kolsch e t  a l . ,  ( 198O) suggested th a t  these resu l ts  ind ica te  tha t  binding  
of  immune complexes to FcR i n h i b i t s  the binding of TRF (since TRF and Fc 
appear to bind to d i f f e r e n t  s i t e s  on the same molecule? the binding of  
one r e s u l t in g  in a l l o s t e r i c  i n h i b i t i o n  o f  the other)  and hence resu l ts  
i n [ i n h i b i t i o n  of  B c e l l  d i f f e r e n t i a t i o n .  A l t e r n a t i v e l y ,  Hof fman.(198O) 
suggested th a t  they in d ica te  physical  impairment of  T^B-accessory c e l l  
co-operat ion  which is necessary f o r  the release of  T c e l l  helper fa c to rs .  
I t  is f e a s ib le  that th is  Fc dependent i n h ib i t io n  of  B c e l l  d i f f e r e n t i a t i o n  
could be mediated by a t h i r d  type o f  FcR^ lymphocyte  ̂ the nul l  c e l l .  
Indeed, Lobo (1981) has shown th a t  L c e l l s  pretreated  w i th  EA in h ib i te d  
I g production in a PWM stimulated system by up to 50%. However, other  
workers have suggested that  immune complex dependent suppression is 
mediated by FcR* T c e l l s  (Setcavage and Kim, 1980) or B c e l l s  (Miyama- 
Inaba e t  a l . ,  1982).  However, i s o la t io n  o f  subpopulations in both these 
reports  is by negative  se le c t io n  and the re fo re  does not remove nul l  c e l l s .  
These studies show that  low concentrat ions  of  antibody to the Immunogen 
may mediate suppression o f  s p e c i f i c  antibody production v ia  in te r a c t io n  
w ith  anriFcR* c e l l .  However, the i d e n t i t y  of  th is  c e l l  is unc lear .  This may, 
ofcourse ,  only be of  academic in t e r e s t  i f  the observed phenomenon merely 
occurs in v i t r o  or as a r e s u l t  of  passive immunization in v ivo . Thus, the 
r e s u l ts  of  Kolsch et  a l . , (1980) which demonstrate tha t  adopt ive ly  t r a n s - '  
f e r r e d ,  primed murine splenocytes can, when chal lenged, suppress the naive  
host c e l l  primary response, are p a r t i c u l a r l y  important. A s im i la r  conclusion  
was drawn by Grantham and F i tch  0 9 7 5 )  in t h e i r  study w i th  high and low 
dose priming in mice.
ill) FcR mediated enhancement o f  I a product ion
Adminis trat ion o f  immune complexes ra ther  than antigen alone had 
been reported to have an enhancing e f f e c t  on blastogenesis and IgG
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production (Carvalho,  Davis and Horwitz ,  1979; Klaus,  1979; Farkas e t  a l . ,
1982) .  Taylor  (1982) has suggested that th is  enhancement may re s u l t  from 
e i t h e r  enhanced, Ag uptake by ant igen presenting c e l l s ,  or by possibly  
c r o s s - l in k in g  Ag and Fc receptors on c e l l s  thereby leading to an enhancing 
e f f e c t .  The s t im ula to ry  e f f e c t  o f  immune complexes observed by Carvalho,  
Davis and Horwitz (1979) only occurred a t  sub-optimal Ag concentrat ions.  
Although the authors suggest th a t  immune complexes conta in ing small 
amounts o f  Ag s t im ula te  c e l l s ,  they did not study the e f f e c t  of  immune 
complexes on antibody production and hence the re s u l ts  may be mis leading.  
However, Klaus (1978) has shown tha t  immune complexes are much more 
e f f e c t i v e : t h a n  soluble antigen in priming B cedis .  This e f f e c t  is Fc 
dependent and probably demonstrates enhanced antigen p resenta t ion .
Thus, i t  appears tha t  antibody to the immunogen may e i t h e r  enhance 
or suppress I g production.  Taylor  (.1982) has suggested th a t  e i t h e r  the 
r a t i o  of  Ab to Ag or the isotype of  the Ab may govern which e f f e c t  
predominates.  This l a t t e r  exp lanation  has been p a r t i a l l y  confirmed by 
the work o f  Farkas et  a l . ^  (1982) .  These authors showed th a t  immune 
complexes conta ining igG^^ enhanced antibody production w h i ls t  those 
conta in ing IgG] or IgG^y were only as e f f e c t i v e  as ant igen alone.
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S E C T I O N  1 1 1  
THE IMMUNOPATHOGENIC ROLE OF LYMPHOCYTES IN RHEUMATIC DISEASE
Rheumatoid a r t h r i t i s  (RA) is a chronic ,  recurrent connective t issue  
disease of  unknown aet io logy  and is character ized  c h i e f l y  by an inflammatory 
eros ive  p o l y a r t h r i t i s  which c la s s i c a l l y  begins in the small j o i n t s  of  the 
hands and fe e t  and progresses symmetrical ly in a c e n t r ip e ta l  fashion,  ^ x t ra -  
a r t i c u l a r  manifesta t ions include v a s c u l i t i s ,  atrophy of the skin and muscle,  
subcutaneous nodules,  1ymphadenopathy, splenomegaly and leukopaenia.  
C o n s t i tu t io n a l  symptoms include mala ise,  fever  and weight loss (Fye,  
Moutsopoulos and T a l a l ,  1978). In th is  sec t ion ,  the pathological  
changes observed in RA and a possible a e t io lo g y  fo r  th is  dsease w i l l  be 
discussed b r i e f l y .  The m a jo r i ty  o f  th is  section w i l l  be concerned wi th  
a comparative descr ip t ion  of  the d i s t r i b u t i o n  and function of  lymphocytes 
in RA and in hea1th.
(A) Anatomv . Pathology and Pathogenesis
i ) S t ru c tu ra l  changes in the rheumatoid io in t
Jo in t  deformity  resu l t in g  from an inflammatory response has been 
described as one of  the most outstanding fea tures  o f  RA (Glynn, 1972).
The s t ru c tu re  of  a typ ica l  synovial j o i n t  is shown in Figure 1 .3 .  The inner 
surface  o f  the j o i n t  capsule and a l l  i n t r a - a r t i c u l a r  sur faces,  except 
the a r t i c u l a r  c a r t i l a g e ,  are l ined by synovial  t i s s u e .  The l a t t e r  is 
comprised of  an int imai layer of  synoviocytes (1 -4  c e l l s  th ic k )  and a 
l ayer  o f  subsynovial t issue which is highly  vascular ised and may be - 
e i t h e r  adipose,  f ibrous  or a reo la r  in natune (Castor ,  I9 6 0 ) .
The synoviocytes are of  two types: Type A c e l l s  which are the more 
abundant,  are phagocytic and probably of  myelo-monocytic l ineage; Type B 
c e l l s  which are f i b r o b l a s t i c  and character ised by h ighly  conspicuous 
rough endoplasmic ret iculum (Chayen and Bitensky,  1971; Z v a i f l e r ,  1973).
The functions of  these c e l l s  include secret ion of  hyaluronic  a c id ,  removal
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F i g. 1.3  Diagrammatic representa t ion o f  a normal synovial  io in t
The f ig u r e  shows a diagram of  a normal shoulder j o i n t .
DIAGRAMMATIC REPRESENTATION OF A NORMAL SYNOVIAL JOINT
Tendon of  biceps
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A r t i c u l a r  c a r t i l a g e




of  p a r t i c u l a t e  matter from the j o i n t  c a v i ty  and mediat ion in the a c t i v a t i o n  
of  the f i b r i n o l y t i c  system -  an a c t i v i t y  which is thought to prevent  
f i b r i n  accumulation in the normal j o i n t  ( Z v a i f l e r , 1973; Pel 1 ,1 978 ) .
The a r t i c u l a r  m anifes ta t ions  o f  RA are characte r ised  by a p r o l i f e r a t i v e  
les ion of  the synovium which is associated w i th  ^nd probably caused by) 
loca l ised  inflammation (H a r r i s ,  1974 b ) . The synovial c e l l s  reproduce r a p id ly  
becoming organised into  a p o la r is e d ,  invasive f r o n t  ? the pannus.The l a t t e r  
is comprised o f  an excess o f  connective t i s s u e ,  small blood v ess e ls ,  
mesenchymal c e l l s  (with  both syn the t ic  and phagocytic functions) and 
monocytes (H a r r i s ,  1976; Harvey,  1978) ,  I t  is the pannus which is 
thought to be responsible  fo r  the c a r t i l a g e  and bone dest rcut ion  
observed in severe cases o f  RA.
In the heal thy j o i n t ,  the c a r t i l a g e  appears smooth and shiny.
A r t i c u l a r  c a r t i l a g e  is hypocel1u l a r . Those cells which are present  
(chondrocytes) are embedded in a m atr ix  cons is t ing of  water e l e c t r o s t a t i c a l l y  
bound by proteoglycans enmeshed In a network o f  col lagen f i b r i l s .  I t  is 
the h yd ro s ta t ic  pressure o f  th is  water which gives the c a r t i l a g e  i t s  load 
bearing p roper t ies  CHarris,  1972; G ha d ia l ly ,  1 9 8 1 ) . In rheumatoids,  c a r t i l a g e  
has been shown to  be subject  to proteoglycan dep le t ion  s h o r t ly  a f t e r  the  
onset o f  s ynov i t is  as a re s u l t  of  several  processes including i ) the  
re lease o f  proteases and glycosidases from Type A synovial c e l l s  
(Hamer(n,an,et a LI 967). 11) the re lease of  s im i la r  enzymes by chondrocytes  
a c t iv a te d  by the inf lammatory process ( M i l l r o y ,  1974); i l l )  the re lease  
of  p r o t e o l y t i c  enzymes from polymorphonuclear leukocytes and subsequent 
i n t r a c e l l u l a r  d igest ion  o f  s o lu b i l i s e d  proteoglycans w i th in  phagolysosomes 
of  polymorphonuclear phagocytes and monocytes (Weissman, J97 2 ) ,  Deplet ion  
of  proteoglycan from c a r t i l a g e  impairs i t s  a b i l i t y  to rebound a f t e r  
removal o f  a deforming load ( H a r r i s ,  1972).  However, permanent j o i n t  
d e s t ru c t io n  only occurs as a re s u l t  of  col lagen loss CHarris,  1970; 1974 
a , b , c ) ,
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C a r t i l a g e  is not bounded by a l i m i t in g  membrane and there fo re  there  
is no physical  b a r r i e r  to d e l in e a te  where c a r t i l a g e  ends and synovial  
f l u i d  begins. Thus, the l a t t e r  is defined chemical ly by the absence 
of  co l lagen (Hadler ,  I 98I ) .  The normal j o i n t  contains approximately 2m1 
of  f l u i d  which does not c lo t  due to the absence o f  f ib r in o g e n ,  although a l l  
the elements of  the f i b r i n o l y t i c  system are present ( Z v a i f l e r ,  1973; 
Swinson and Swinburn, I 98O). The f l u i d  is rendered viscous by the presence 
o f  macromolecules such as hyaluronate (a glycosaminoglycan) which is 
thought to be continuous wi th  that o f  the car tF lage  (Balazs et  a l . ,  1966; 
H ad ler ,  I 98I ) .  S t r ik in g  changes occur in the synovial  f l u i d  of  the 
rheumatoid j o i n t .  The volume may be g r e a t ly  increased, reaching leve ls  
as high as 40Qml. The composition o f  rheumatoid synovial f l u i d  also  
d i f f e r s  from that  of  the heal thy j o i n t .  The most obvious anomalies are  
i t s  a b i l i t y  to c lo t  ( Z v a i f l e r ,  1973)_ and the presence of  vast amounts of  
f i b r i n  w i th in  the j o i n t  space [J a s a n i , 1979)i  This pro te in  may comprise 
as much as 34% of  the to ta l  synovial  f l u i d  volume and may be responsible  
fo r  the development o f  the c la s s ic  a r t i c u l a r  manifes ta t ions  of  RA 
(Jasan i ,  1979) .  Other biochemical changes include grossly  elevated  
p ro te in  and l i p i d  leve ls  and depressed haemolytic complement a c t i v i t y .
This  l a t t e r  observation is thought to be the r e s u l t  of  in s i t u  binding 
o f  complement to immune complexes ( B r i t t o n  and Schur, J971) and sub^ 
sequent a c t i v a t i o n  o f  other complement components.
The c e l l u l a r  composition of  the synovial  f l u i d  is q u i te  d iverse .
The m a jo r i ty  o f  the c e l l s  are polymorphonuclear granulocytes (75“90%) 
the remainder being comprised o f  5“ 10% lymphocytes, some monocytes, 
macrophages and synovial  l i n in g  c e l l s  ( Z v a i f l e r ,  1973).  A l l  of  these 
c e l l s  may be involved in the pathogenesis of  RA. Paulus et  a l . , (1977) 
showed tha t  th orac ic  duct drainage of  p a t ien ts  w i t h  RA produced c l i n i c a l  
remission w h i ls t  re in fus ion  of  these c e l l s  resul ted in exacerbation of  
disease a c t i v i t y .  This provided d i r e c t  evidence o f  a ro le  for  lymphocytes
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in the pathogenesis o f  the disease.
i i )Humoral  immunity in RA
The most s t r i k i n g  serological  fe a tu re  o f  RA is the presence of  
anti - immunoglobulin G antibody (rheumatoid f a c t o r ,  RF). The existence of  
RF has long been known (Waaler,  1940; Rose et  a l . ,  1948) and i t s  nature  
and immunopathogenic s ig n i f ic an ce  has been e x ten s ive ly  reviewed (Johnson 
and Fa lk ,  1976; Panayi ,  1977; Z i f f ,  1980).  I t  has been shown that  a n t i -  
IgG a c t i v i t y  may be present in the IgM, IgG or IgA classes of  serum
antibody (F ra n k l in ,  1957; Kunkel , 1961; Johnson and Fa lk ,  1976). Although
the presence of  immune complexes conta in ing RF has been demonstrated in 
numerous t issues in the rheumatoid p a t i e n t ,  t h i s  phenomenon is not r e s t r i c t e d  
to RA since such immune complexes haye been found in other inflammatory  
condi t ions  CBritton and Schur, 1971; Z v a i f l e r ,  1973; Hal lgren and Wi lde ,
1976; Lurhama et  a l . ,  1976; Zuhler e t  a l . ,  1976).  Lambert and Casai i 
( 1978) suggested that the presence o f  immune complexes in the t issues or  
blood does not imply tha t  they have a pathogenic ro le  in the disease.  However, 
the vascular  lesions associated w i t h  RA have been shown to be c lo s e ly  
l inked w i th  the deposit ion  of  immune complexes in the vessel  w a l l s ,
( Z v a i f l e r ,  1973),
The synovium in rheumatoid pa t ien ts  contains c e l l s  which a c t i v e l y  
secre te  immunoglobulin. Natvig and Munthe 0 9 7 5 )  showed that approximately  
50% o f  the plasma c e l l s  in the rheumatoid j o i n t  were secret ing IgG. Also 
Smiley et  a l . ,  (.1968) showed that the rheumatoid synovial  membrane mainly  
synthesized IgG; RF-IgG complexes being formed i n t r a c e l l u l a r l y  and 
subsequently secreted.  Such complexes are able to f i x  complement (Bianco 
e t  a l . ,  1974; Tanimoto e t  a l . ,  1975; Taylor-Upsahl et  a l , ,  1976) and 
th is  a b i l i t y  appears to exp la in  the extensive  a c t iv a t io n  of  the complement 
system observed in the rheumatoid j o i n t  (.Hurd ^et $ 1 , ,  1977).
A v a r i e t y  of  other  autoant ibodies have been reported iin p a t ien ts
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with  RA. Alspaugh and Tan (1976) found that  67% of  seropos i t ive  rheumatoid 
p a t ie n ts  possessed an antibody (RA p r e c i p i t i n ; RAP) which reacted with  
an antigen expressed on a human B c e l l  l in e  (WIL-2) transformed by EBV.
This antigen was termed rheumatoid a r t h r i t i s  associated nuclear antigen  
(RANA). However, other workers have reported the presence of th is  antibody  
in heal thy  controls  previously  infected by EBV (Catalano et  a l , ,  1980).
Thus the presence of  anti-RANA antibody is not s p e c i f i c  to RA. A n t i -  
nuclear  antibody (ANA), o r i g i n a l l y  demonstrated in p a t ien ts  w i th  systemic 
lupus erythematosus,  is also present in the serum of  pa t ien ts  with  RA. 
Grennan e t  a l . ,  (1977) showed that rheumatoid pa t ien ts  with  ANAs to 
double stranded DNA were more l i k e l y  to have severe disease and e x t r a -  
a r t i c u l a r  complications than those pa t ien ts  without  these ant ibod ies .
Other autoant ibodies have been described which are d irec ted  against t issue  
components such as col lagen (Menzel e t  a l . , 1978; Clague e t i a l , ,  1981),
A n t i -c o l la g e n  antibodies have been detected in both rheumatoid serum and 
synovial  f l u i d  and col lagenase a c t i v i t y  has been shown to be present in 
the synovial membrane and f l u i d  of  pa t ien ts  wi th  RA ( S t e f f a n . , 1 9 8 0 ) .
The re levance of  the presence of these autoant ibodies is unclear .  Their  
ro le  in the i n i t i a t i o n  and/or perpetuat ion of  the inflammatory process 
in RA is a contentious issue and is c l e a r l y  a long way from being resolved.
i i i ) C e l l  mediated immunity in RA
The leukocyte migrat ion in h ib i t io n  te s t  ( LMT; o r i g i n a l l y  developed 
by David e t  a l . ,  1964) has been ex tens ive ly  used to assay c e l l u l a r  
responses to antigens.  Using such a t e s t .  Bacon e t  a l . ,  (1973) and 
Robinson and Muirden (,198Q1 have shown tha t  rheumatoid c e l l s  respond 
s p e c i f i c a l l y  to synovial f l u i d  elu ted antigen.  However, Morgan et  a l . ,  
(J980) using a larger  population found th is  e f f e c t  to be non-s pec i f ic .
Pat ie n ts  wi th RA have also been reported to respond abnormally to  
autologous IgG (Weisbart ,  Bluestone and Goldberg, 1975). This aberra t ion
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was g rea te r  i f  the IgG was a l t e re d  in some way ( e g . ,  by heat aggregation  
Froland and Gaarder, 1971; H a l l ,  1978).
Other measures o f  c e l l  mediated immunity such as c y t o t o x ic i t y  and 
mitogen responsiveness are discussed in .subsequent sections which 
describe  the functions o f  d is c re te  lymphocyte subpopulations in RA.
(B) Aetio logy
Workers have t r i e d  fo r  many years to produce convincing evidence that  
b a c t e r i a ,  mycoplasmas and viruses play an important ro le  in the develop­
ment o f  rheumatoid a r t h r i t i s  (RA). Bacter ia  are known to be the causative  
agents in re a c t iv e  a r t h r i t i s  -  an exp lo s ive ,  m onoar thr i t is  occuring as 
a consequence of a d i s t a l  i n f e c t io n ,  which may be resolved by chemo­
therapy designed to e l im in a te  the p r e c i p i t a t i n g  in fe c t ious  agent.  This 
subject  has been ex te n s ive ly  reviewed by Munoz (.1978)^ Wolski (1978) 
and Goldberg and Cohen 0 9 7 8  a ,b )  amongst o thers .
A more a t t r a c t i v e  candidate for  the causative  agent of  RA is  a 
v irus  since the re a c t iv e  a r t h r i t i s  caused by v i ruse s  mimics the symptoms 
of  RA. Onset is charac te r ized  by fever  and m a la is e ,  the a r t h r i t i s  is  
u s ua l ly  symmetrical and a f f e c t s  the same spectrum o f  j o i n t s  as RA. The 
major d i f fe r e n c e  between the two disease s tates  is th a t  reac t ive  a r t h r i t i s  
is t r a n s i t o r y  and s e l f - l i m i t i n g  (yan Sauter and Uts inger ,  1978) .  One of  
the c h ie f  v iruses impl icated as an a e t f o lo g ic a l  agent fo r  RA is the 
Epstein -Barr  v i ru s  (EBV). As discussed p rev io u s ly ,  pa t ien ts  wi th  RA have 
been shown to produce anti-RANA antibody.  Alspaugh e t  a l . , (1978) showed 
tha t  RANA and EBV associated nuclear ant igen (EBNA) were always expressed 
together  on the same c e l l  and suggested tha t  the presence of  anti-RANA 
Ab resul ted  from an immune response to EBV infected lymphocytes,. Thus 
in d ica t in g  that  p a t ie n ts  wi th  anti-RANA antibody are immune to EBV. 
Rickinson, Wallace and Epstein (1980) have shown tha t  EBV in fec ts  B c e l l s  
and remains l a t e n t  w i th in  these c e l l s  due to the c o n t r o l l in g  e f f e c t  of  
s p e c i f i c  anti -EBV T lymphocytes. Tosato,  Steinberg and Blaese (1981) showed
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tha t  I g production by EBV immune B c e l l s  st imulated in v i t r o  by EBV 
was in h ib i te d  a f t e r  12 days by T c e l l s  present in the c u l t u r e .  This  
e f f e c t  was not observed when lymphocytes from from non-immune in d iv id u a ls  
were used. When c e l l s  from p a t ien ts  w i th  RA were used, the suppression did 
not occur despi te  evidence o f  s e n s i t i v i t y  to  EBV.These re s u l ts  suggest 
that  the production o f  autoant ibodies in RA may be due to a defect  in T 
c e l l  suppression of  EBV st imulated I g product ion.  However, i f  th is  were 
t ru e ,  one might expect th is  to re s u l t  In the generation of  whole,  
i n f e c t i v e  EBV v i r io n s  and thus to increased t i t r e s  of  antibody to  
s tru c tu ra l  antigens of the v i r i o n  such as v i r a l  capsid antigen (VGA).
No such increase has been observed (Phi  11ps e t  a l . , 1976),  Thus, the ro le  
of  EBV In the pathogenesis of  RA remains a highly  contentious Issue,  
with  supporters both fo r  (Vaughan, 1979; Fudenberg, 1980) and against  
(Venables e t  a l , ,  1981; Si lverman and Schumacher, 1981) the hypothesis  
tha t  EBV Is an important a e t lo l o g l c a l  f a c to r  in the development of  RA.
Genetic fa c tors
The importance of  the In f luence  o f  genetics  on the a e t io lo g y  and 
pathogenesis of  RA has recen t ly  been re a l i s e d .  The impetus fo r  the current  
i n te re s t  in th is  top ic  stemmed, i n i t i a l l y ,  from the work o f  Brewerton 
et al (1973) who demonstrated a strong assoc iat ion  between ankylosing  
s p o n d y l i t is  and the presence of  H1A-B27. Improvements in the techniques  
a v a i l a b le  fo r  t issue  and sero log ica l  typing have f a c i l i t a t e d  the accumu­
la t io n  o f  data concerntng the g e n e t i c a l l y  determined phenotype of  
rheumatoid p a t ie n ts .  Two recent reviews cover th is  subject  q u i te  s u cc in c t ly  
( M i l l e r  and Glass,  I 98I ;  Svedgaard et  a l . ,  1981).  The more w idely  
documented assoc iat ions  of  RA and the products o f  the MHO w i l l  be 
d is c u s s e d ,b r ie f l y ,  below.
Several  groups have observed a high r e l a t i v e  r i s k  o f  p re d is p o s i t io n  
to RA in HLA-DRw 4 *  compared to DRw 4 in d iv id u a ls  (R o i t t  e t  a l . ,  1978;
Doubloug, Forre and Thorsby, 1979; Karr e t  a l . ,  198O; Dal le s t  and Roux,
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1980; Scherak,  Smolen and Mayr, 1980; Llorca e t  a i . ,  I 98 I ) .  This associat ion  
has been reported to be more s ig n i f i c a n t  in men than in women (M erc ier ,
Dal le s t  and Roux, 1980).  The expression o f  DRw 4 has been shown by some 
workers to r e la t e  to the s e v e r i ty  o f  the disease (R o i t t  e t  a l . ,1978)  
although not by others (Scherak,  Smollen and Mayr, 1980; Llorca e t  a l . ,
1981) ,  Llorca e t  a l . ,  ( 198I )  have shown an assoc iat ion  between the presence 
of DRw 4 and rheumatoid f a c t o r .  S imi la r  observations were made by Dobloug, 
Forre and Thorsby (1979) who suggested that  DRw 4,  or a c lo se ly  associated  
gene product,  played a ro le  in the pathogenesis o f  sero p o s i t iv e  RA.
Other DR antigens have been reported as s l i g h t l y  increased (DRw 1,
7; M erc ie r ,  Dal les t  and Roux, J98Q.) or s l i g h t l y  decreased (DRw 3 ,2 ;
Merc ie r ,  Dal le s t  and Roux, J98Q; Karr et  a l . ,  I 98Q; Scherak, Smollen and 
Mayr, I 98Q.) in RA. However, none of these v a r ia t io n s  is s t a t i s t i c a l l y  
s ig n i f i c a n t .  Thus, although the pa thologica l  changes occuring in RA 
are well  documented, the a e t io logy  and genetics, o f  the disease are  
u n c le a r .
(C) Lymphocyte subpopulat ions in RA
Any study of  lymphocyte a c t i v i t y  is. fraught  w i th  problems owing to 
the genet ic  d i v e r s i t y  of  the human populat ion.  Such a study in pa t ien ts  
with  rheumatoid disease is even more complex because o f  the spectrum of  
overlapping syndroms c h a r a c t e r is t i c  o f  the disease,  which impedes a s t r i c t  
ca te g o r iz a t io n  of  the p a t ie n ts .  These problems are h igh l ighted  by the 
c o n f l i c t in g  experimental  data concerning lymphocyte a c t i v i t y  in rheumatoid 
p a t ie n ts .D e s p i te  these drawbacks, a wealth of  data has accumulated on 
lymphocyte subpopulations in RA and th is  section w i l l  attempt to summarise 
the c u r r e n t ly  accepted views on th is  subject.
i )T  lymphocytes
The l e v et of  T lymphocytes in the per iphera l  blood had been shown to
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be the same in both control  subjects and pa t ien ts  w i th  RA (Michel i  and 
Bron, 1974; Winchester e t  a l . ,  1974; Horwitz and Ju u l -N ie ls e n ,  1977;
S lav in  and Strober ,  1981). However, there  are reports  o f  both reduced 
(Burmester e t  a l . ,  1978) and increased (Froland, Natvig and Husby, 1973; 
Froland, Natvig and W i s l o f f ,  1975) numbers. This discrepancy probably  
ar is e s  because Burmester e t  a l . ,  (1978) considered to t a l  c e l l  numbers 
ra the r  than r e l a t i v e  percentages, and a l l  his p a t ien ts  exh ib i ted  
s i g n i f i c a n t  1ymphocytopaenia.
In rheumatoid synovial f l u i d ,  the lymphocytes are predominantly T 
c e l l s  and these are present in s i g n i f i c a n t l y  higher numbers than in the 
per iphera l  blood o f  e i t h e r  pa t ien ts  w i t h  RA or o f  contro ls  (Fro land,  Natvig  
and Husby, 1973; Winchester e t  a l . ,  1974; Sheldon, Papamichail and 
Holborow, 1974; Froland,  Natvig and W is l o f f ,  1975; van de Putte e t  a l . ,  
1976) .  S i m i l a r l y ,  T c e l l s  are thought to be the predominant type of  
lymphocyte in rheumatoid synovial  t issue  (Abrahamsen e t  a l . ,  1975;
Bankhurst, Husby and W i l l ia m s ,  1976).
T c e l l s  expressing a rrecçpLtor fo r  the Fc port ion of  IgG (T y ; 
p u ta t iv e  suppressor c e l l s )  have been reported to be present in normal 
numbers in the per iphera l  blood of p a t ien ts  w i th  RA (M ei je r  e t  a l . ,  I 98O a; 
Pfreundschuh et  a l . ,  1980; Dobloug e t  a l . ,  198I ;  Mathieu,  Mereu and 
Pisano, 1981).  T c e l l s  w i th  Fc receptors for  IgM (Tyn ; p u ta t iv e  helper  
c e l l s )  have been reported to be present in normal (Dobloug e t  a l . ,  I 98 I )  
increased (Pfreundschuh e t  a l . ,  1980) or decreased (M ei je r  e t  a l . ,  I 98O a) 
numbers. M e i je r  e t  a l . ,  (1980 a) showed a c o r r e la t io n  between low T ^  
numbers and disease a c t i v i t y  in rheumatoid p a t i e n t s . t n  the synovial  f l u i d  
the percentage of  T̂  c e l l s  in RA is s i g n i f i c a n t l y  lower than th a t  in contro l  
subjects (Mathieu,  Mereu and Pisano, 1981) .
T c e l l s  expressing HLA-DR associated antigens have been reported to 
be s i g n i f i c a n t l y  raised in the synovial  f l u i d  and t issues when compared wi th  
the per ip h era l  blood of p a t ien ts  wi th  RA (Burmester e t  a l . ,  1981).  I t
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is not known whether th is  is due to increased expression o f  HLA-DR in 
s i t u  or whether i t  r e f l e c t s  a s p e c i f i c  accumulation of  HLA-DR* c e l l s .
i i ) B  lymphocytes
The periphera l  blood of p a t ien ts  w i th  RA has been shown to contain  
a s im i la r  proport ion of  surface Ig p o s i t i v e  (S Ig* )  lymphocytes to th a t  
of  heal thy control subjects (Mel 1 bye e t  a l . ,  1972; Sheldon, Papamichael 
and Holborow, 1974; Froland, Natvig and W i s l o f f ,  1975; Horwitz and J uu l -  
Nie lsen ,  1977; Burmester e t  a l . ,  1978; M e i je r  et  a l . ,  1980 a; Slav in  and 
Strober ,  1981) However, pa t ien ts  in remission have been reported to have 
s i g n i f i c a n t l y  raised numbers o f  S Ig*  lymphocytes in the per iphera l  blood 
(Froebel  e t  a l , ,  1979).  In c o n t ra s t ,  S Ig *  lymphocytes have been found to  
be reduced in number in rheumatoid synovial f l u i d  compared wi th  the 
per iphera l  blood (Froland,  Natvig and Husby, 1973; Sheldon, Papamichael 
and Holborow, 1974; Winchester e t  a l , ,  1974; Froland, Natvig and W is lo f f  
1975; van de Putte e t  a l . ,  1976).  Occasional groups have reported no 
s i g n i f i c a n t  d i f fe re nce s  (Vernon-Roberts,  Currey and. P e r r in ,  1974;
Burmester e t  a l . ,  1978).  Low numbers o f  S Ig *  lymphocytes have a lso been 
reported in synovial  t issue  (Wangel and Klockars,  1977; Abrahamsen, 
Froland, Natvig and Pahle,  1976; M e i je r  e t  a l . ,  19.80 b ) ,
A few groups have looked a t  complement receptors as a marker fo r  
B lymphocytes. Brenner, Scheinberg and Cathcart  (1975) and Burmester 
et  a l . ,  ( 1978) have reported normal leve ls  of  complement receptor  p o s i t i v e  
c e l l s  in the periphera l  blood and reduced leve ls  in the synovial  f l u i d  
o f  p a t ie n ts  w i th  RA. However, Mel 1 bye e t  a l . ,  (1972) reported the reverse  
f i n d i n g s .
i i i ) Nul 1 cel 1s
The problems concerning the terminology used to describe those c e l l s  
which lack the conventional  markers fo r  e i t h e r  T or B c e l l s  have a lready  
been discussed (Sec. l  C i i i ) .  Thus, i t  is proposed th a t  the term null  c e l l
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be used when considering th is  populat ion.  Null c e l l s  have been found in 
normal proport ions in the peripheral  blood o f  pa t ien ts  w i th  RA (Froland,  
Natvig and W i s lo f f ,  1975; Horwitz and J u u l -N ie ls e n ,  1977). However, since  
nul l  c e l l s  are thought to be a heterogeneous group, other workers have 
looked at  those c e l l s  with 'high a v i d i t y -  receptors fo r  IgG, assuming th is  
to be a more r e l i a b l e  marker for nul l  c e l l s .
iv)Fc receptor bearing lymphocytes
I n i t i a l  reports of  di f ferences between Fc receptor bearing lymphocytes 
in pa t ien ts  with RA and control subjects were based on resu l ts  obtained  
using antibody sensi t i zed human (0 Rh*) e ry th rocy tes .  These rheumatoid 
roset tes were found to be increased in the per iphera l  blood of  pa t ien ts  
with  RA, e s p e c ia l l y  in ear ly  disease (Bach, Delr i 'eu,  and Del barre ,  J97Q).  
The lymphocytes forming these roset tes were found to be ne i th e r  T nor B 
c e l l s  since SRBC-rosette deplet ion and f i l t r a t i o n  through nylon f i b r e  
columns increased the number of  ro se t t ing  c e l l s  (.Sany e t  a l , ,  J975).
This increase in fc  R* lymphocytes in RA was confirmed by Scherak et  al  
09.76) and Sharpin and Wilson 0  977 a ) .  However, several  groups haye been 
unable to detect any d i f fe rence  between the incidence of  fc  R* lymphocytes 
in RA and control  peripheral  blood (Durance, M ic h e l i  and P a l l e t ,  1974; 
Burmester e t  a l . ,  1978; Froebel et  a l . ,  1979).  Using heat aggregated,  
ra d io la b e l le d  IgG, Wooley and Panayi (1978) dlemonsTjialed increased binding  
by c e l l s  from pat ien ts  with RA compared wi th contro l  c e l l s .  These workers 
suggested th is  might be due to e i t h e r  increased a v i d i t y  or an increased 
number of  Fc R per c e l l  in rheumatoid p a t ie n ts .
Froland, Natvig and W is lo f f  (J975) and Dobloug et  a l , ,  (J98J) have 
used erythrocytes  sensit ised wi th Ripley  antibody to  detect  Fc R on 
th i rd  populat ion (n u l l )  c e l l s .  They were unable to show any d i f fe rence s  
in the binding ^.capacity of  rheumatoid and contro l  lymphocytes. S i m i l a r l y ,  
Horwitz and Juul-Nie lsen (1977) showed that L c e l l s  (.lymphocytes with
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Fc R capable o f  passively  absorbing IgG) were present in normal percentages 
in rheumatoid periphera l  blood. However, absolute  numbers o f  L c e l l s  were 
depressed.
A novel assay fo r  Fc^R ( the capaci ty  to bind c a l f  e rythrocytes  
sen s i t i ze d  wi th  the Facb fragment o f  IgG) was described by H a l l ,  Winrow 
and Bacon (1980).  These workers showed tha t  Facb R* lymphocytes were 
present in increased percentages in the per iphera l  blood o f  pa t ien ts  
w ith  RA (but not in pa t ien ts  with other a r t h r i t i d e s )  when compared with  
heal th y  co n tro ls .  These c e l ls  have been i d e n t i f i e d  as nul l  c e l l s  (Winrow
1982) .
Reports o f  Fc R* lymphocytes in the synovial  f l u i d  in RA, suggest 
th a t  they are present a t  a level  comparable to th a t  in the per ipheral  
blood (Burmester et  a l . ,  1978).  S im i la r  observations were made fo r  th i rd  
populat ion ( n u l l )  c e l l s  (Froland, Natvig and W i s l o f f ,  J975; Abrahamsen,
1981) .  Vernon-Roberts,  Currey and Perr in  0 9 7 4 )  reported s i g n i f i c a n t l y  
reduced numbers of  nul l  c e l l s  in rheumatoid synovial  f l u i d .  In con tra st ,  
using binding o f  aggregated IgG as a measure o f  Fc R, Winchester et  a l . ,
(1974) showed the presence of high leve ls  p f  these c e l l s .
v)Problems associated wi th  c e l l  number determination
The preceding data h igh l igh t  the problems involved in determining  
c e l l  numbers, The main problem ar ises  from t ry in g  to compare data obtained  
using d i f f e r e n t  experimental  techniques. Thus, T c e l l  est imates may be g re a t ly  
enhanced using neuraminidase t reated or aminoethyl isothiouronium bromide 
(AET) t re a te d  sheep erythrocytes .  I t  has been suggested tha t  T c e l l  
estimates using untreated sheep c e l l s  f a i l  to include M a t e ’ re se t t in g  
c e l l s  (Sharpin and Wilson, 1977 a; Chow and Kaplan, 1976),
Detect ion of  B c e l l s  by the presence of SIg presents even more 
problems. Many estimates have f a i l e d  to a l low fo r  Fc receptor  bound ig 
and immune complexes, c e l l  bound lymphocytotoxic ant ibodies  (o f ten r
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present in rheumatoid sera; Me i je r  e t  a l . ,  1982) and the problem of
c e l l  bound rheumatoid fa c to r .
The paucity  o f  B c e l ls  detected by SIg in synovial  t issue  may be 
due to b last  transformat ion and concomitant loss o f  SIg .  This seems 
l i k e l y  since there  is evidence o f  B c e l l  a c t i v i t y  in synovial  t i s s u e ,  
f o r  example the production of  rheumatoid fa c t o r  (Kobayashi and Z i f f ,  1973) '  
Also,  there  are reports  of  high nu l l  c e l l  l eve ls  in the synovium which 
may be plasma c e l l s  (Tannenbaum et  a l . ,  1975; Me i jer  et  a l . ,  1980. b ) .
The low leve ls  o f  B c e l l s  in the synovial  f l u i d  perhaps lend weight  
to the argument tha t there are r e l a t i v e l y  few B c e l l s  in the synovium. 
However, t h is  has been opposed by the suggestion th a t  m igrat ion  of  B 
c e l l s  to the synovial f l u i d  is not favoured by the local  physio logical  
condi t ions  and that the environment encourages the s e le c t iv e  l o c a l i z a t io n  
o f  T c e l l s  in the synovial  f l u i d  (Froland and Abrahamsen, 1 9 7 9 ) . Credence 
is given to th is  idea by the observations o f  Fryden (1977) and Manconi 
et  a l . ,  ( 1978) who have shown that T c e l l s  are the predominant type of  
lymphocyte in other  extravascular  f l u i d s .
Thus, t ry in g  to draw conclusions about the relevance o f  a l t e re d
lymphocyte subpopulat ions in RA is f raught  w i t h  problems. Not only is
i t  d i f f i c u l t  to s t r i c t l y  id e n t i fy  the c e l ls ,  but a t  the c las s ic  s i te s  
o f  a c t iv e  inflammation (the j o i n t s ) ,  i t  is very d i f f i c u l t  to obta in  
comparative values from control  (uninf lammed) j o i n t s .  The problems have 
been p a r t l y  overcome by examining in y i t r o  c o r re la te s  o f  lymphocyte 
a c t i v i t y  in v i v o .
v i )M i to g e n  responsiveness
Most workers have shown that RA p er ip hera l  blood lymphocytes respond 
normally  to mitogenic s t im u la t io n ,  al though several  groups have shown 
s l i g h t l y  (n o n - s ig n i f i c a n t  1y) reduced responses when compared w i th  control  
values (Panayi ,  1973; Sheldon, Papamichael and Holborow, 1974; Burmester
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et  a l . ,  1978; M e i je r  e t  a l . ,  1980 b ) . Only r a r e ly  did the observed 
decrease reach s ig n i f ic a n c e  (Lockshin et  a l . ,  1975; Froebel e t  a l . ,
1979) .
Synovial  f l u i d  lymphocytes have been shown to be less suscept ib le  
to transformat ion  by Phytohaemagglutinin (PHA), Concanavalin A (Con A),  
and Pokeweed mitogen (PWM) than autologous periphera l  blood lymphocytes 
(S t ra t to n  and Peter ,  1978).  However, th is  may be because synovial f l u i d  
lymphocytes show a higher degree of  spontaneous DNA synthesis and are  
thus thought to be a precommitted: ac t iv a te d  populat ion.  Despite these 
problems, i t  hajs been shown that  synovial  f l u i d  lymphocytes genera l ly  
respond poor ly  to PHA (Panayi ,  1973; Sheldon, Papamichael and Holborow,  
1974; Abrahamsen, Froland and Natv ig ,  1978; Burmester et  a l . ,  1978; 
C o r r i g a l l ,  Panayi and Laurent,  1979). There is some controversy over  
the response of  synovial f l u i d  lymphocytes to Con A and PWM s t im u la t io n ;  
both having been described as normal (Con A and PWM: C o r r i g a l l ,  Panayi 
and Laurent ,  1979; PWM: Burmester e t  a l . ,  1978) or reduced (Con A:
Burmester e t  a l . ,  1978; PWM: Abrahamsen, Froland and Natvig,  1978).  
Lymphocytes e lu ted  from synovial t is su e  show poor blastogénie responses 
to PHA, Con A and PWM when compared to  autologous periphera l  blood 
lymphocytes (Abrahamsen, Froland,  Natvig and Pahle,  1976; Me i je r  e t  a l . ,  
1980 b ) . Whether or not th is  reduced a c t i v i t y  was due to the methods 
employed to obta in  a lymphocyte suspension from synovial  t issue is unc lear.
Ce l ls  which have been cu l tu red  w i th  Con A may, under the correct  
c u l tu r e  co n d i t io n s ,  suppress mitogen induced blastogenesis in fresh  
cu l tu res  (Shou, Schwartz and Good, 1976),  Such Con A-induced suppressor 
c e l l  a c t i v i t y  has been reported to be reduced in both the periphera l  
blood (Sany e t  a l , ,  1979) and in the synovial  t is su e  (Chattopadhyay 
et  a l . ,  1979 a) in p a t i e n t s  with.  RA, dlat topadhyay e t  ai 0979.  £)  also  
reported th a t  1 ymphpcy t  es ; f  rwàn BA syhov 1 aT tf tssue ;Were {^jnabl e to suppress 
I g product!  on even a t j h i g h  T: B Cfi 11 r a t i  os.  : • - ■> •„ •
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vi  î ) Responses to s p ec i f ic  a n t ig ens
Abrahamsen, Froland and Natvig (1978) compared the responses to  
s p e c i f i c  antigens of  lymphocytes from the synovial f l u i d  and per iphera l  
blood o f  pa t ien ts  with  RA. The response to Candida was s im i la r  in both 
groups of  lymphocytes. However, p u r i f i e d  p ro te in  d e r iv a t i v e  (PPD) induced 
a s i g n i f i c a n t l y  higher degree of blastogenesis in synovial f l u i d  lympho­
cytes than in those from the peripheral  blood. This e f f e c t  o f  PPD has not 
been substant iated (Burmester et a l . ,  1978).  However, Abrahamsen, Froland 
Natvig and Pahle (1976) reported id e n t ic a l  re su l ts  using lymphocytes 
ext rac ted  from synovial t issue st imulated with. Candida or PPD. Since the 
lymphocytes from the synovium migrate to the synovial  f l u i d ,  these 
re s u l ts  need f u r t h e r  invest iga t ion  to determine whether th is  apparent ,  
l o c a l i z e d ,  s e le c t iv e  enrichment of  antigen s e n s i t iv e  c e l l s  is ty p ica l  
of  ex t rav asc u la r  f lu id s  or is a fea ture  pe c u l ia r  to RA. Other reports  of  
antigen induced lymphocyte blastogenesis in the synovial t is sue  have suggested 
tha t  responses to varidase (s treptok inase /s treptodornase ;  5K/SD) and PPD 
are low in comparison to that in autologous per iphera l  blood (M ei je r  
e t  a l . ,  1980 b ) .
v i i i ) M i toaen induced c e l l u l a r  c y t o t o x i c i t v
No s i g n i f i c a n t  d i f fe rences  in the c y to to x ic  p o te n t ia l  o f  PHA 
stimulated synovial f l u i d  or peripheral  blood lymphocytes from p a t ie n ts  
with  RA were found when compared to p a t ien ts  w i th  other inflammatory 
diseases (C o r r ig a l l  and Panayi, 1978) or when compared wi th  per iphera l  
blood lymphocytes from healthy control  subjects (Rosenberg and C u r r e y ,
1979),
ix)Spontaneous c e l l  mediated c y t o t o x ic i t v  (SCHC)
SCMS appears to be s im i la r  in both normal and RA per iphera l  blood 
lymphocyte populations (Penschow and MacKay, I 98O; Highton and Panayi ,
0 6 2
1980).  Burmester et  a l . ,  (1978) demonstrated a reduced a c t i v i t y  in RA 
per iphera l  blood but only at  high e f f e c t o r  : ta rg e t  c e l l  r a t io s  (1 0 0 :1 ) .
In synovial f l u i d ,  SCMC is raised in comparison to the a c t i v i t y  observed 
in RA and normal per ipheral  blood (Panayi and C o r r i g a l l ,  1977; Burmester 
e t  a l . ,  1978) .
x ) A n t i body-dependent c e l l u l a r  cyt o t o x i c i t v  (ADCC)
A number of  workers have investigated the a c t i v i t y  of  K c e l l s  O e  
those responsible fo r  ADCC) using a v a r i e t y  o f  ta rg e t  c e l l s  (Fro land,  
Natvig and W i s l o f f ,  1975; Panayi and C o r r i g a l l ,  1977; Burmester et  a l . ,  
1978; Cooke, Hay and Perumel, 1979; Rosenberg and Currey,  1979; Penschow 
and MacKay, I 98O). The general conclusion to  be drawn from a l l  these 
resu l ts  is tha t  ADCC is unaltered in RA compared w i th  healthy c o n tro ls .
(D) Chemotherapy in rheumatoid a r t h r i t i s
Most of  the rheumatoid pa t ien ts  studied in th is  thesis  were on 
non-stero idal  an t i - in f lam m ato ry  drugs (NSAIDs) i:n order to avoid the 
problems o f  drug induced a l t e r a t io n s  in lymphocyte a c t i v i t y  produced 
w th 's econd- l ine '  therapy (eg: gold,  D -p e n ic i1 lamine,  levamisole)  or  
immunosuppressive and s te ro ida l  drugs. NSAIDs have been shown to a f f e c t  
lymphocyte funct ions in v i t r o  . Panayi and C o r r ig a l l  (1979) showed 
that indomethacin enhanced PHA induced blastogenesis  in per ipheral  
blood lymphocytes but not in those from the synovial  f l u i d ,  Thus, p a t ien ts  
oi indomethacin were not used for  the func t iona l  studies described in 
t i  i s th e s is .  Although NSAIDs may reduce inf lammation,  they cannot h a l t  
t ie  progression of the disease in those p a t ien ts  w i th  aggressive ,  
e'osive RA. In such p a t ie n ts ,  the c l i n i c i a n  must resort  to second- l ine ,  
immunosuppressive or s te ro ida l  drugs, The choice o f  second therapy is  
largely a r b i t r a r y ,  successive drugs being t r i e d  u n t i l  one is found which 
s j i t s  the p a t i e n t .  Amongst the ch ie f  drugs used a t  the Royal National  
Hospital fo r  Rheumatic Diseases in p a t ie n ts  wi th  aggressive disease are
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D -p e n ic i1 lamine and hydrocort isone (a potent an t i - in f lam m ato ry  drug).
Since these drugs have been shown to a f f e c t  disease progression and 
inf lammation,  t h e i r  in v ivo e f fe c ts  on Facb R* c e l l s  was studied in order  
to determine whether or not these c e l ls  were involved in the reduction  
of  disease a c t i v i t y  which occurred as a re s u l t  of  chemotherapy. In th is  
sect ion ,  the e f f e c t  o f  these drugs on leukocyte populations and lymphocyte 
function w i l l  be discussed.
i ) D -P e n ic i11 ami ne (D-Pen)
The name ' P e n ic i l l a m i n e ’ was f i r s t  coined by Abraham et  a l , ,  (1943) 
to describe an amino acid c h a r a c t e r i s t i c a l l y  found as a degradation  
product o f  p e n i c i l l i n ,  Ritzman, Coleman and Levin (1959) demonstrated 
tha t  both P en ic i l la m in e  and cysteamine were capable o f  c leaving  
macroglobulins,  As a re s u l t  of  th is  work, J a f fe  (1962) studied the 
e f f e c t  o f  Pen ic i l lam in e  in rheumatoid disease and showed that  
although i n t r a - a r t i c u l a r  in je c t io n  of  D-Pen resulted in a reduct ion  
of IgM rheumatoid fa c to r  t i t r e s  in the synovial  f l u i d ,  i t  did not 
r e l i e v e  the symptoms. Also,  systemic adm in is tra t ion  reduced the serum 
RF t i t r e  only a f t e r  several  months of  treatment by which time c l i n i c a l  
improvement had a lready  become apparent ( J a f f e ,  1965)
Despite pharmacological  and immunological techniques developed 
in the recent past ,  the way in which D-Pen mediates a n t i - in f lam m ato ry  
a c t i v i t y  is s t i l l  obscure.  However, one hypothesis c u r re n t ly  being 
examined is th a t  D-Pen acts as a scavenger o f  f r e e - r a d ic a l  s.
Free rad ica l  scavenging
A t ten t io n  has rece n t ly  become focussed on the damage to 
connective t issue  mediated by oxygen-derived f ree  rad ica ls  such as 
the superoxide anion ( O p ,  the hydroxyl radica l  (OH’ ) and hydrogen 
peroxide (H2O2) .  Data suggest that f ree  rad ica ls  may play a par t  in 
the development of  the c h a r a c t e r is t i c  lesions of  the rheumatoid
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j o i n t  and other s i te s  of  inflammation.  The superoxide rad ica l  has 
been shown to  impede soluble col lagen g e la t io n  and to cause a decrease 
in hyaluronic acid v is c o s i t y  (reviewed by Greenwald, 1981).  I t  has 
also been impl icated in the suppression o f  a c t i v i t y  of  serum protease  
in h ib i t o r s  (Carp,  1979). Spec i f ic  in s i t u  generation of  f re e  ra d ic a ls  
has not been demonstrated in inflammatory foci  (Greenwald, 1981) but 
th is  may be due to t h e i r  high r e a c t i v i t y  (and hence i n s t a b i l i t y ) .
Indeed, products o f  f re e  radical  a c t i v i t y  have been demonstrated i_n 
ViVO (Lunec et  a l , ,  1979). Thus  ̂ the evidence suggests that f re e  rad ica ls  
may be responsible fo r  some of the inflammatory lesions observed in 
RA. They may be in act iva ted  by reduction; in the case of  superoxide to  
oxygen and hydrogen peroxide.  I t  is th is  reaction (which is normally  
cata lysed by the enzyme superoxide dismutase) which D?Pen is thought 
to  enhance,
Ce l l u l a r  e f f e c t s  o f  D^Penici11 amine
The e f f e c t  of  D^Ren on human leukocyte populations is unclear .  
Kendall and Hutchings (1976) have shown that  D-Pen may have e i t h e r  
an enhancing , or an i n h ib i to r y  e f f e c t  on t r i t i a t e d  thymidine  
incorporat ion in Con A st imulated c e l l s ,  according to the time a t  
which the drug is added to the cu l tu re .  These workers suggested that  
th is  e f f e c t  is p a r t i a l l y  due to an in te ra c t io n  between D^Pen and 
cys t ine  which starves the c e l l s  of  essent ia l  L c ys t ine .  However,
Froland et  a l , ,  (1976) showed that T and B lymphocytes from pa t ien ts  
with  RA t rea ted  w i th  D-rfen were unaffected ( e i th e r  f u n c t io n a l ly  or  
numerica l ly )  by th is  drug.
Animal models of  RA have produced some contrad ic to ry  resu l ts  
about the e f f e c t  of  Drfen on inflammatory reactions .  Liyanage and 
Currey (1972) found that  the drug had no e f f e c t  in adjuvant a r t h r i t i s ,  
Hunneyball ,  Stewart and Stanworth (1977) examined the e f f e c t  of  D^Pen 
in ra b b i t  experimental  a r t h r i t i s .  The animals showed s ig n i f i c a n t
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reduction in j o i n t  swell ing a f t e r  4 ^ - 8  weeks of  therapy; post mortem 
examination showing less j o i n t  damage in the t rea ted  animals than the 
co n tro ls .  These authors have suggested that the theraput ic  e f f e c t  of  D-Pen 
in RA resu l ts  from a reduction of  the delayed^type h y p e r s e n s i t iv i ty  
response by an action on T c e l l s .  This consequently a f f e c t s  immunoglobulin 
production.  However, Z i l k o ,  Dawkins and Cohen 0 9 7 7 )  were unable to 
show such an e f f e c t  o f  D^fen on the DTH response to intradermal  
tubercu l in  in pa t ien ts  w i th  RA.
Thus, although mary c l i n i c a l  reports e x is t  which support the theory  
that  D-Pen ha l ts  the progression of RA (reviewed by Lyle ,  1979),  the 
precise e f f e c t s  of  th is  drug on biochemical and immunological parameters 
of disease a c t i v i t y  remain unclear,
i i ) Hvdrocort  i sone
Hydrocortisone (HCO) is a g lucocort icoid  which is produced in v ivo .
One of the c h ie f  c l i n i c a l  uses of  th is  drug is as a potent a n t iT  
inflammatory agent.  HCO has profound e f fe c ts  on lymphocytes and 
monocytes which contr ibute  to the overa l l  usefulness of  s te ro id  therapy.  
The e f fe c ts  have been extens ive ly  reviewed elsewhere (Fauci 1978^1979; 
P a r r i l l o  and Fauci ,  1979; Pearson, Clements and Yu, 1979);  the p r in c ip a l  
ones w i l l  be summarized ( b r i e f l y )  below.
Monocytes
HCO induces a monocytopaenia which peaks 4 - ^ 6  hours a f t e r  oral  
adm in is t ra t ion  (Fauci ,  1978  ̂ 1979; P a r r i l l o  and Fauci ,  1979).  The 
mechanism involved is unclear but is thought to r e f l e c t  re lo c a t io n  of  the 
monocytes to the non^recircu1 a t ing  leukocyte pool.
Lymphocyte
HCO also induces a 1ymphocytopaenia which sbows s im i la r  k in e t ic s
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to  the observed monocytopaenia. Again, the mechanism involved is 
thought to be r e lo c a t io n .  However, not a l l  the lymphocytes show the 
same s e n s i t i v i t y  to HCO. T c e l ls  are s e le c t i v e ly  depleted such tha t  at  
the po int  o f  maximum e f f e c t ,  only 25% of the pre^HCO level  remains in 
the c i r c u l a t i o n .  In c o n tra s t ,  67% of the B c e l l s  remain, (Pearson,
Clements and Yu, 1979).  Examination of  the presence of Fc R on T c e l l s  
showed th a t  HCO treatment s e le c t iv e ly  depletes Tp and Fc r '̂  T c e l l s ,  
both r e l a t i v e l y  and absolute ly  (Haynes and Fauci , 1978).  The r e l a t i v e  
percentage of  T^ increased from 22 to 66 although no absolute increase  
was observed.
In v i t r o  studies have shown that pharmacologic leve ls  of  HCO 
i n h i b i t  the generat ion of  Con A induced suppressor c e l l s  (Knapp and 
Posch, 1980) ,  This e f f e c t  may be explained by the obsigrvatit)n that  
g 1 ucocort I  costeroids i n h i b i t  the production of  T c e l l  growth fa c to r  
(TCGF; Gil  l i s ,  Crabtree and Smith, 1979; 1980).  Knapp and Posch (1980) 
a ls o  showed th a t  when Con A act iva ted  c e l l s  are added to v i r g i n  c e l l s  
in the presence of  HCO, suppression of blastogenesis of  the responder 
c e l l s  is markedly increased, The authors suggest that HCO in h ib i t s  
p r o l i f e r a t i o n  o f  the responder c e l ls  making them more s en s i t ive  to 
suppression.  In contrast to t h i s ,  I f e ld  and Krakauer (1982) have shown that  
HCO blocks the suppression of I g synthesis by Con A induced soluble  
suppressor fa c to r s .  This agrees with  the in vivo observations which 
show th a t  HCO a dm in is t ra t ion  a f t e r  immunization resul ts  in higher  
c i r c u l a t i n g  s p e c i f ic  antibody levels (Pearson, Clements and Yu, 1979).
I t  is d i f f i c u l t  to compare in vivo and in vi t ro  responses to HCO 
since the c e l l u l a r  populat ions are s i g n i f i c a n t l y  a l te re d  in vivo due 
to r e lo c a t io n .  However, i t  is thought tha t  HCO does increase suppressive  
a c t i v i t y  in the c i r c u l a t i n g  lymphocyte pool; although the importance 
o f  t h is  e f f e c t  is unclear since suppression of  blastogenesis f in v i t r o ) 
appears not to have a profound e f f e c t  on Ig production.  The a l t e r a t i o n
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In T,  B and accessory ce l l  ra t ios  may in i t s e l f  give  erroneous re s u l ts  
ra th e r  than the e f f e c t  being due to the a c t i v i t y  of  HCO on c e l l u l a r  
f u n c t i o n .
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C H A P T E R  n  
M A T E R I A L S  A N D  M E T H O D S  
S E C T I O N  1 
M A T E R I A L S
Al l  chemicals were obta ined  from the B r i t i s h  Drug Houses L t d . ,  Poole ,  
unless  o th e rw is e  s t a t e d .
A l l  media reagents were obtained from Gibco B io - C u l t  L t d . ,  S c o t la n d ,  
except  those l i s t e d  below.
A l l  a n t i s e r a  use were obtained  from Sigma Chemical Co. L t d . ,  Poole ,  
unless o th e rw is e  s t a t e d .
MATERIALS SUPPLIER
Monoclonal  mouse IgG ant i -human  
monocyte a n t ig e n ;  a s c i t e s  f l u i d .
Monoclonal  mouse IgG ant i -human  
HLA-DR; a s c i t e s  f l u i d .
Bethesda Research Labs. I n c . ,  
Ga i t h e r s b u r g .
Carbonyl I ron Powder ( type  SF) GAF (G.B) L t d . , 
Wythenshawe, Manchester .
Pokeweed Mitogen (1yophi1 Ised; 
crude prepara t ion  from Phytolacca 
amer i cana)
Gibco B io - C u l t  L t d . ,
P a i s l e y ,  R en f rew sh i re ,  Scot land
Plasmin (human from Cohn f r a c t io n  1; 
1yophi1 ised)
Kabi Vi trum L t d , ,  
E a l i n g ,  London.
Rabbit antiserum to bovine serum 
a lbumin ,
M i les  B io c h em ica ls , 
Stoke Poges, Slough.
Concanaval in A (Lyophi1ise d ; from 
the ja c k  bean Canaval ia ensi fo rm is )
F ic o l l  400
F ico l l -Paque  (density  1.077  
+ / -  0.001 g/ml)
P e rc o l1
Pro te in  A -  Sepharose 4B 
DEAE Sephadex A50
Sephadex GlOO ( f r a c t io n a t io n  range 
4000 -  150 000 dal tons
Pharmacia,  (G.B) L t d . ,  
Hounslow, M idd lesex .
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(Methyl -  H) Thymidine
S p e c i f ic  a c t i v i t y  5 Ci/mol;21mCi/mg




Mouse T c e l l  function te s t  k i t  
(comprising anti-^Thy 1 .1 ,  a n t i rL y  1.2  
and guinea pig complement)
Sera Lab. L td . ,  
Morden, Surrey.
Ami noethyl isothiouronium bromide 
Hydrobromide (AET)
Sigma Chemical Company L t d . ,  
Fancy Road, Poole,  Dorset.
Crystal  v i o l e t
Fluorescein is th iocyanate
Lipopolysaccharide (from 
Escherichia co l l  serotype Q55?B5 
and Sa 1mone11 a typhosa
Neuraminidase Type V from 
Clostr id ium perfr ingens
Pepsin (hog stomach mucosa;lyophil ised)
Erythrocytes in Alsevers p reservat ive
Adult  chicken c e l l s
C a l f  blood (Animal NoSi 2J , 24,  18),
Goat blood
Sheep blood
Guinea pig complement in 20% 
Richardson’ s pre serva t ive
Tissue Culture  Services,  
Slough, Berks.
P u r i f i e d  Phytohaemagg1u t i n i n  
( p u r i f i e d  from Phaeseolus spp; 
1yophi11sed)
Wellcome Reagents L t d . ,  
Beckenham, Kent.
ROUTINE BUFFERS AND MEDIA 
Phosphate buffered sa l ine  (PBS) 
xIO concentrate
g / i i t r e
Sodium ch lo r ide  80.00
Potassium ch lo r ide  2.00
Disodium hydrogen phosphate 11.50
Potassium dihydrogen phophate 2.00 pH 7-3
The above were dissolved in one l i t r e  of  d i s t i l l e d  water ,
f i l t e r  s t e r i l i s e d  ( M i l l i p o r e  f i l t e r  0.45 m pore s ize )  and stored
at  4°C u n t i l  required.
Before use, the so lut ion was d i lu ted  to ten times i ts  volume
w ith  d i s t i l l e d  water .  To th is  was added the equ iva lent  o f : -
0.1 g/1 calcium ch lor ide
0.1 g/1 magnesium ch lor ide
The pH was corrected to 7-3 with 1M sodium hydroxide so lu t ion
Calcium magnesium f ree  s a l t  so lut ion (CMFSS)
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xIO concentrate
g /1 i  t r e
Sodium c h lo r ide  80.00
Potassium ch lo r ide  4.00
Glucose 16.00
Potassium dihydrogen phosphate 0.60
Disodium hydrogen phosphate 0 .48 pH 7*3
The above were dissolved in one l i t r e  of  d i s t i l l e d  water ,  f i l t e r
s t e r i l i s e d ,  and stored at 4°C. Before use, a 10 fo ld  d i l u t i o n  was
performed with  d i s t i l l e d  water and the pH corrected to 7.3  with. 1M NaOH
JQ/150mM b u f fe r
This b u f fe r  was used in the preparat ion  o f  (gG, facb and FCab’ )^ ,
0 7 1
and as a washing bu f fe r  in the enzyme-linked immunosorbent assay (ELISA) 
techn i que.
0.1M Disodium hydrogen phosphate (A)
O.IM Potassium dihydrogen phosphate (B)
Approximately 50ml solut ion A were added to 200ml so lu t ion  B 
to give a pH of 7 .4 .  The resu l t ing  solut ion was d i lu t e d  to ten times 
i t s  volume with  d i s t i l l e d  water.  To each l i t r e  of  the d i lu te d  s o lu t ion  
was added 8.77g sodium ch lor ide  to give a f i n a l  concentrat ion o f  1OmM 
phosphate and 150mM sodium chlor ide .
To obta in  1OmM phosphate buffer  (pH 6 .5 )  used in the preparat ion  
of  IgG (using DEAE sephadex) approximately 50ml o f  each of  the above 
const i tuents  were mixed to give pH 6 ,5 .  The re s u l t in g  so lu t ion  was 
d i lu te d  10 fo ld  to give the required phosphate concentra t ion .
Hanks balanced s a l t  so lut ion  (HESS)
HESS (xlO concentrate)  was d i lu te d  wi th s t e r i l e  d i s t i l l e d  water and 
brought to pH 7 .4  with  s t e r i l e  0 .1 5M sodium bicarbonate s o lu t io n .
Ammonium ch lor ide  solut ion
This solut ion was used for  the lys is  o f  extraneous red c e l l s  
when \ t  was deemed tha t  the treatment would not a f f e c t  the subsequent 
r e s u l t s .
g /1 i  t re
Ammonium ch lo r ide  8.29.0
Potassium hydrogen carbonate J.OQQ
Ethel ened i ami ne te t  racet i c acid 0.00,4
The above const i tuents  were dissolved in one l i t r e  o f  d i s t i l l e d
water and the pH corrected to 7-4 wi th 1M NaOH.
Lymphocyte c u l tu re  medium- RPMI 1640
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Volume (ml)
RPMI 1640 (xlQ strength.) 10.00
P e n ic i l l in /S t re p to m y c in  solut ion
(5000 lU/ml of  each; P/S) 2,00
200mM glutamine (GLN) 2.00
7 . 5% sodium bicarbonate 2.70  pH 7*4
The above mixture was d i lu te d  to 100ml w i th  s t e r i l e ,  d i s t i l l e d
water .  The pH was corrected to 7-4 with  s t e r i l e  IM NaOH. Immediately
before use, the medium was supplemented wi th  fo e ta l  c a l f  serum to give
a f i n a l  concentrat ion of  10%
K562 c u l tu re  medium
K562 c e l l s  were cul tured in RPMI l640 supplemented wi th  15% fo e ta l  
c a l f  serum, instead o f  the 10% used in the lymphocyte c u l tu re  medium 
above.
Absorbed, heat inact iva ted  newborn c a l f  serum
Sheep erythrocytes were washed three times in PBS. The washed, 
packed c e l l s  were mixed at a r a t i o  of  1:9 w i th  heat in a c t iv a te d  new 
born c a l f  serum (Gibco Bio-Cul t  L td . ,  Scotland; HINBCS).
The suspension was kept at  4°C overnight and subsequently 
centr i fuged  at  400g fo r  3 minutes. The supernatant (SRBC absorbed 
HINBCS) was stored at  -20°C in 0.5ml a l iq u o t s .
Buffers used in the ELISA technique 
Coating buf fer
g /1 i  t re
Sodium carbonate 1.59
Sodium bicarbonate 2.93
Sodium azide 0.20 pH 9-6
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The const i tuents  were dissolved in s t e r i l e ,  d i s t i l l e d  water and 
the so lu t ion  stored at  room temperature for  not more than two weeks. 
PBS/Tween
Tween 20 (Polyoxyethy1ene sorbitan
monolaurate) 0.5 ml
Sodi um az i de 0,2 g
The above const i tuents  were added to one l i t r e  of  PBS and the
bu f fe r  stored at  room temperature.
Diethanol ami ne buf fer  (10%)
Diethanol ami ne 97-0 ml
D i s t i l l e d  water 800.0 ml
Sod i um az i de 0.2 g
Magnesium ch lor ide  hexahydrate 100.0 mg
The above const i tuents  were mixed and adjusted to pH 9 -8  wi th
IM hydrochlor ic  acid .  The to ta l  volume was made up to 1 l i t r e  with
d i s t i l l e d  water and the buf fer  stored in an amber b o t t le  at  room
temperature .
S c i n t i l l a t i o n  f l u i d
To 2 .5  l i t r e s  o f  toluene was added
12.50 g 2 ,5  -  Diphenyloxazole (PPO)
0.75 g 1 ,4  -  D i - 2 - (4-methyl^5“pheny loxazoly l )
benzene (POPOP)
S E C T I O N  I I  0 7 4
METHODS
(A) I s o la t io n  o f  Immunoglobulin G ( igG)
i ) P repara t ion  of  hyperimmune rabbit  serum
C a l f  red blood c e l l s  (CRBC) were washed three times in s t e r i l e  
PBS. Enough packed c e l l s  were then added to a suspension of B a c i l le  
Calmet te-Guerin (BCG;2 mg/ml) in PBS to give a f i n a l  concentrat ion of  
10^ CRBC/ml. Each rabb i t  (New Zealand White; male) was in jected  
i n t ra d e rm a l ly  in four of  f i v e  s ites  with a to t a l  of  1ml of  th is  
suspension.  This was repeated at weekly in te rv a ls  fo r  three weeks, a 
te s t  bleed being performed in week four,  
i I ) A f f i n i t y  chromatography
P ro te in  A is a const i tuent  of  the c e l l  wal l  of  Staphylococcus 
aureus . The commercial preparat ion used for  the is o la t io n  of  IgG is 
obtained from a mutant s t r a in  (Cowan s t ra in  \ ) and p u r i f i e d  by a f f i n i t y  
chromatography. I ts  importance as a b io log ica l  tool  l i e s  in i ts  
a b i l i t y  to in te r a c t  w ith  subclasses of  IgG from a number of  d i f f e r e n t  
animals ( Hjelm, Hjelm and S jo q u is t ,1972;Chalon,Mi1 ne and Vaerman,1979)•
The reaction between IgG and prote in A is s p e c i f i c  fo r  the Fc 
p o r t ion  o f  the molecule (Forsgren and S jo q u is t ,1966; Kronvall  and Fromell  
1970) .  More rece n t ly  i t  has been shown that ne i th e r  Facb nor pFc' 
fragments o f  IgG bind to prote in  A (Stewart ,  Varro and Stanworth,1978) .
This observation has allowed the use of  prote in  A in the preparat ion  
of  Facb .
Pro te in  A column chromatography is achieved by cova lent ly  coupling  
p ro te in  A to Sepharose CL-4B by the cyanogen bromide method. The 
commercial preparat ion is supplied as a freeze dr ied powder which 
when swollen,  has a binding capacity of  approximately 20mg IgG/ml ge l .
The method used fo r  IgG preparation was that described by Hjelm,Hjelm
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and S joqu is t  (1972) w i th  some modif icat ions .  The separation was 
c a r r ie d  out a t  4^C, A column C0.9xJ5cm; Pharmacia K9) was f i l l e d  with  
approximately 5m1 of swollen gel and washed through with  several  
volumes o f  10/150 b u f f e r ,  2^5ml of  hyperimmune rabb i t  serum was applied  
to the column and a f t e r  washing out the other serum prote ins  with  
1Q/J50 b u f f e r ,  the IgG was eluted with  1M a c e t ic  acid and concentrated  
over an Ami con D ia f lo  XM5Q membrane (nominal exc lusion l i m i t  50 000 
Dal tons).The acid concentrate was then loaded on to a Sepharose CL6B 
column (90 x 1.5 cm) and eluted with 10/150 at  a f low ra te  of  8m1 
b u f f e r /  hour, c o l le c t in g  4m1 f ra c t io n s .  Monomeric IgG f ra c t io n s  
(assessed from an 0^280 trace)  were pooled, concentrated as above 
and t o t a l  p ro te in  measured using the Fol in-C ioca 1teau method (Lowry 
e t  a l , 1951).
i i i ) l o n  exchange chromatography-Diethy1 aminoethyl (DEAE) Sephadex
Since pro te in  A only has a binding capacity  of  approximately
20 mg IgG/ml g e l ,  IgG separation from myeloma sera was performed 
using DEAE sephadex. A modif icat ion  of  the method of  Ishizaka (1965) 
was used. The f reeze  dr ied commercial preparat ion was swollen in lOmM 
phosphate b u f f e r  (pH 6 .5 )  according to the s u p p l ie r 's  d i r e c t io n s .
A f t e r  f i l t r a t i o n  through a Buchner funnel ,  the 'd r i e d '  Sephadex was 
mixed w i th  enough myeloma serum to form a th ic k  paste.  This was s t i r r e d  
fo r  1 hour at  4°C, f i l t e r e d  again,  and then thoroughly washed wi th  
10mM phosphate b u f fe r .  The f i l t r a t e  was concentrated over an Ami con 
D i a f l o  XM50 membrane and dialysed overnight against 10/150 b u f fe r .
The IgG concentrat ion  of  the re su l t ing  so lut ion  was determined using 
the Fo l in^Cioca l teau  method of prote in  est imation (Lowry, 1951).  A 
small sample was applied to a Sepharose CL-6B column to check for  
aggregation.
i v ) Heat aggregation of  IgG
A so lu t ion  of  IgG (approximately 4mg/ml) was maintained at  63°C
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fo r  20-30 minutes.  Insoluble  aggregates were removed by c e n t r i f u g a t io n  
a t  400g fo r  10 minutes. The degree of aggregation was assessed by 
analys ing a small volume of the solut ion by gel f i l t r a t i o n  on 
Sepharose CL-6B as described in Section I I  A i i .
(B) Enzymic d igest ion  of  IgG
i)P lasmin -  Preparat ion of  rabbi t  Facb a n t i - c a l f  red blood c e l l  
The act ion  of  plasmin was f i r s t  reported by Por ter  (1959).
Plasmin is a b i o l o g i c a l l y  a c t ive  protease which under the correct  
condi t ions w i l l  cleave IgG between residues 326/327 (see Figure 2 .1 )  
re s u l t in g  in the formation of  Facb and pFc ' .  Facb was prepared by a 
m o d i f ic a t io n  of  the method of Stewart ,  Smith and Stanworth (1973).
IgG was separated from hyperimmune rabbi t  serum using p ro te in  A 
a f f i n i t y  chromatography (Section I I  A i i ) .  The concentrated acid 
e lu a te  was maintained at  37°C for  1 hour in a shaking water bath.
A f t e r  th is  per iod,  the pH was adjusted to 7 .0  w i th  IM NaOH and human 
plashin  added (Kabi Vitrum Ltd.,London; 3CU/100mg IgG).  The so lu t ion  
was then returned to the water bath for  a f u r t h e r  4 hours, a f t e r  which 
time the d igest was applied to a Sephadex GlOO column (.90 x 1.5 cm) 
and e lu ted  wi th  6M urea in O.IM acetate  b u f fe r  (pH 4 .5 )  a t  a f low  
ra te  o f  8ml/hour.  The f rac t io n s  containing the Facb and unreacted IgG 
(see Figure 2 .2 )  were concentrated,  d ia lysed against 10/150 fo r  4 hours 
at  4°C and then appl ied to the prote in  A-Sepharose 48 column (Section  
I I  A i i ) .  The Facb was e lu ted wi th the 10/150 b u f f e r  w h i ls t  the residual  
IgG was re ta ined on the column. The Facb was concentrated and the pro te in  
content est imated by the F o l in -C ioc a1teau method (Lowry et  a l , 1951).
i i )P e p s in  -  Preparat ion o f  rabbit  F (ab ' )^  a n t i - c a l f  red blood c e l l  
The method of N isonoff ,  Markus and Wiss ler  ( I 96 I )  was used to
prepare the F (a b ' )2  fragment of  IgG.IgG was iso la te d  on pro te in  A 
Sepharose 48 (Section I I  A i i )  dialysed against  O.OIM ace ta te  b u f fe r  
(pH 4 . 5 ) fo r  4 hours at 4°C and adjusted to IO -3 O mg/ml, Pepsin in 
aceta te  b u f fe r  (1 mg/ml) was added t0  the IgG s o lu t ion  to give an
Figure 2.1 Diagrammatic representa t ion  o f  the s t ru c tu re  of  l aG
The f ig u r e  shows a t y p ic a l  IgG molecule consis t ing  of  two heavy 
chains and two l i g h t  chains.
KEY
CH constant regions o f  the heavy chains
VH -  v a r i a b l e  regions of the heavy chains
CL constant regions of  the l i g h t  chains
VL v a r i a b l e  regions of  the l i g h t  chains
S-S- inter-^ or i n t r a -  chain d is u lph ide  bonds








F igure 2 .2  Op t i c a l  densi ty  trace  fo r  the prepa ra t io n  of  Facb
Ig G was prepared from hyperimmune rabb i t  serum by a f f i n i t y  
chromatography on p ro te in  A ^ Sepharose 48 (Chap.11 Sec. 11 A i i )  
and incubated w i th  plasmin (Chap 11 Sec. 11 B i ) .  The d igest  was 
f r a c t i o n a t e  on Sephadex GlOO and the pro te in  e lu ted in the void volume 
(comprising Facb and unreacted IgG) was concentrated and appl ied to  
a pro te in  A -  Sepharose 48 column to p u r i fy  the Facb. This f ig u r e  




























enzyme substrate  r a t i o  of  1:100. A f te r  incubation for  22 hours at  37°C 
pepsin was inact iva ted  by the addi t ion of  s o l id  TRIS (hydroxymethy1) 
methy1 ami ne; TRIS) to pH 8 .0 .  This solut ion was e lu ted  from a GlOO 
Sephadex column (90 x 1.5 cm) wi th 10/150 b u f fe r  a t  a f low ra te  of  
Bml/hour.  The prote in  emerging in the void volume was pooled,  concentrated  
and appl ied to the prote in  A .Sepharose 48 column. The pro te in  e lu ted  
w ith  10/150 -FCab')^" was concentrated and i t s  concentrat ion determined 
using the Fo l in -C ioca 1teau method (Lowry et  a l , 1951)• The F (a b ' )2  
was stored in a l iquo ts  at  -90°C u n t i l  required.
(C) Lymphocyte separation
i)Human per iphera l  blood -  Introduction
Lymphocytes were separated by the densi ty  f l o t a t i o n  method 
described by Boyum ( I 968) .  The p r in c ip le  of  the technique is based on 
Stokes Law which determines the rate at  which a body sediments through 
a f l u i d  phase and is dependent on the size and density  of  the body 
concerned.Boyum ( I 968) demonstrated that by inducing aggregation of  
e ry th rocy tes  ( t h is  may be achieved by the use o f  such agents as f i c o l l ,  
de xt ran ,  methyl c e l lu lo s e  or po lyv iny lpyrro l idone  (PVP) ^coated s i l i c a -  
P e r c o l l )  t h e i r  sedimentat ion rate increased,thus enabling t h e i r  
separa tion  from leukocytes.  He also demonstrated that  ' isopaque'  
( d i a t r i z o a t e  sodium) e thelenediamine t e t r a c e t i c  acid (EDTA) and 
var ious s a l ts  enhanced th is  aggregation thus necess i ta t ing  the d i l u t i o n  
of  blood w i th  an equal volume of PBS before i t  is layered onto F i c o l l -  
Paque.Owing to the s e n s i t i v i t y  of  granulocytes to osmotic v a r ia t io n  
and the low densi ty  of  lymphocytes, the s l ig h t  density  grad ient  at  
the b lo o d /F ic o l l  in te r fa c e  (formed by d i f fu s io n )  enhances granulocyte  
sedimentat ion leaving an almost pure mononuclear c e l l  populat ion.  
i i ) Method
Freshly drawn, heparinised venous blood ( 3 0 lU p reservat ive  
f re e  heparin/ml blood) was d i lu te d  to twice i t s  i n i t i a l  volume with
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CMFSS. Each 10ml o f  th is  mixture was c a r e f u l l y  layered onto 3ml 
Fico l l -Paque  (density  1.077+0.001g /ml) in a c en t r i fu g e  tube and spun 
at  400g fo r  30 minutes at  20°C. A f te r  c e n t r i f u g a t io n ,  the lymphocytes,  
monocytes and p l a t e l e t s  which formed a d is c re te  band at  the F i c o l l -  
plasma in t e r f a c e ,  were harvested and subsequently washed three times 
w ith  CMFSS by gentle  resuspension and p e l l e t i n g  a t  400g for  10 minutes.
i i i ) M u r i n e  splenic lymphocytes
Mice were k i l l e d  by severance of  the c e rv ica l  spine and t h e i r  
spleens immediately removed and placed in ice cold HBSS.Each spleen 
was ge nt ly  teased apar t  in 2m1 of  fresh HBSS contained in a s t e r i l e  
p e t r i  dish.  This was then gent ly  drawn into and expel led from a 19 
gauge hypodermic needle and stra ined through a f i n e  mesh wire  gauze 
f i l t e r  to give a s in g le  ce l l  suspension.
i v ) C e l l  counts and v i a b i l i t i e s
Lymphocytes were enumerated using an improved Neubauer 
haemocytometer. The c e l l  suspension was d i lu te d  in counting f l u i d  
(3% a c e t i c  acid/0.1%methylene blue) the l a t t e r  causing the ly s is  of  
any contaminating e rythrocytes .  Cell v i a b i l i t i e s  were assessed by the 
trypan blue exclusion method. Non v iab le  c e l l s  appear dark blue by th is  
method. However, th is  is not a sens i t iv e  measure o f  c y t o t o x ic i t y  
since c e l l s  which appear to be in an advanced stage of  degeneration  
by phase contrast microscopy may exclude the dye (Tennant,  1964).
(D) Cell  i d e n t i f i c a t i o n  by roset te  techniques
i )R o se t te  techniques fo r  the enumeration of  c e l l s  bearing receptors  
which bind IgG and Facb -  Introduct ion
In 1973, Hall  berg,  Gurner and Coombs described the opsonic 
adherence of  sens i t ised  ox red c e l l s  to human lymphocytes measured 
by rose t te  formation.  This was the f i r s t  d escr ip t io n  of  the phenomenon 
and a m odi f ica t ion  of  t h e i r  method was used as described by H a l l ,  
Winrow and Bacon ( I 98O).
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Preparation o f  sensi t ised  c e l l s
C a l f  red blood c e l l s  (CRBC) were washed 3 times In PBS (400g;
10 minutes; 20°C).  A f t e r  the f in a l  wash, the supernatant was c a r e f u l l y  
removed leaving the packed c e l l s  undisturbed. Appropr iate  d i lu t io n s  
o f  anti-CRBC IgG and Facb were made in PBS (predetermined to give an 
o p t im a l ,s u b -a g g lu t in a t in g  t i t r e )  and enough packed CRBC added to give  
a f i n a l  red c e l l  concentrat ion of  1 % v /v .  The suspensions were mixed,  
incubated a t  37°C fo r  t h i r t y  minutes and then washed 3 times in PBS. The 
c e l l s  were then d i lu te d  to give a l%v/v suspension of  sensit ised CRBC,
Rosette formation
Lymphocytes were obtained by separation on FicolWPaque (Sec. 11 
C i i )  washed 3 times in CMFSS and resuspended at  a concentrat ion of  
2 X 10^ c e l l s / m l ,  A 200^1 a l iq u o t  of  th is  suspension was mixed wi th  an 
equal volume of a 1 % suspension of sensi t ised CRBC in a round bottomed 
tube (LP3; Luckham L t d . , )  sedimented at  400g fo r  3 minutes and main­
ta ined a t  4^C fo r  1 hour. Two drops of a 1% so lu t io n  o f  c rys ta l  v i o l e t  
in PBS were added to  each tube, the c e l l s  being resuspended fo r  1 
minute using a ro ta ry  tu rn tab le  inc l ined a t  45° (20 rpm; Baird and Tatlock  
L td . )  and subsequently placed in a counting chamber (Neubauer improved 
haemocytometer). Lymphocytes (stained v i o l e t )  surrounded by 4 or more 
ery th rocy tes  were scored as roset tes .  A to t a l  o f  200 lymphocytes was 
counted and the number of  roset tes observed was expressed as a percent­
age o f  t h is  t o t a l .
i i ) Sheep e ry th rocy te  roset tes
Sheep red blood c e l l s  (SRBC) were washed 3 times in PBS (400g;
10 minutes) .  A f te r  the th i rd  wash, the supernatant was c a r e f u l l y  
discarded leaving the c e l l  p e l l e t  undisturbed. Twenty - f ive  m ic r o l i t r e s  
o f  the packed c e l l s  were added to 500^1 of  SRBC- absorbed heat inact iva ted
0 8 4
new born c a l f  serum (SRSC^^HINBCS; see Section 1 B v i i i ) a n d  then d i lu te d  
to  5ml w i th  PBS. Two hundred m ic r o l i t r e s  of  t h i s  preparat ion  was added 
to an equal volume o f  a lymphocyte suspension (2 x 10^ c e l l s /m l )  in 
an LP3 tube,  incubated a t  37°C fo r  10 minutes and then maintained at  
4°C fo r  2 hours. Rosettes were enumerated as described previously  
(Sec. 11 D i ) .
Neuraminidase t rea ted  SRBC (SRBC^)
Treatment o f  SRBC with  neuraminidase enhances roset te  s t a b i l i t y
and hence enumeration of  T c e l l s  (Kaplan and C larke ,  1974).. SRBC were
washed 3 times in PBS (400g; 10 minutes).. Neuraminidase (0 .05  un i ts )
was added to 5m1 of  a 10% suspension o f  washed SRBC in PBS and incubated
a t  37°C fo r  30 minutes.  The c e l l s  were subsequently washed 3 times
w i th  PBS and the packed c e l l s  d i lu te d  to give an G.5% v /v  suspension
in PBS conta in ing  10% v /v  SRBC .HINBCS. The roset tes  formed with  SRBC  ̂ au n
were incubated a t  4°C fo r  1 hour.
Aminoethyl isothiouronium bromide (AET) t re a ted  SRBC (SRBC^)
A 4% w/v s o lu t ion  of  AET was adjusted to pH 9*0 w i th  4M NaOH.
SRBC were washed 3 times in PBS (400g; 10 minutes) .  The r e s u l t in g
packed SRBC were d i lu te d  in a r a t i o  of  1:4 w i th  the AET so lu t ion  and
thoroughly mixed. This suspension was incubated a t  37°C fo r  15 minutes
with  mixing a t  5 minute in te r v a ls .  The c e l l s  were then washed 5 times
wi th  PBS, A f t e r  the f i n a l  wash, the packed c e l l s  were d i lu te d  to give
a n . 0.5% v /v  suspension in PBS containing 10% v /v  SRBĈ j^H INBCS. The
roset tes  formed w i th  SRBC were incubated at  4°C fo r  30 minutes.a
i i i ) Mouse e r vth ro c vte  roset tes  (MRBC)
MRBC were obtained from fre s h ly  drawn, heparinised blood from 
CFLP mice (Bath U n iv e rs i ty ;  out-bred s tock) .  Blood was washed 3 times 
w ith  PBS and care was taken to remove the b u f fy coat lay e r .  Rosettes 
were performed in e xac t ly  the same manner as those wi th  SRBC (Sec. 1 
D i i ) .  Light microscopy photographs of Facb, SRBC and MRBC roset tes
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are shown in Figure 2 .3 .
(E) Phenotypic c h a r a c te r is t ic s  i d e n t i f i e d  by d i r e c t  f luore sce nt  techniques
i ) Surface l a detect ion
Mononuclear c e l l s  (MN) were incubated a t  37°C fo r  30 minutes and 
subsequently washed 3 times with warm (37°C) PBS to remove pass ive ly  
adsorbed Ig from the c e l l s .  A f te r  the f in a l  wash, the lymphocytes were 
resuspended at  a concentrat ion of  2 x 10^ c e l l s / m l ;  1ml a l iq u o t s  being 
t ra n s fe r re d  to round bottomed tubes (LP4; Luckhams L td . )  and the c e l l s  
p e l le te d  (,400g; 10 minutes),The supernatant was c a r e f u l l y  discarded and 
1 drop o f  the re levant anti-human immunoglobulin-f luorescent conjugate  
was added. The c e l l s  were thoroughly resuspended in t h is  an t i  serum and 
kept in ice fo r  30 minutes with  occasional  mix ing.  The c e l l s  were then 
washed 3 times wi th  ice cold PBS. The c e l l  p e l l e t  was resuspended in 1 
drop o f  5%PBS/95% glycerol  and the preparat ion examined using a L e i tz  
SM-LUX microscope f i t t e d  wi th a L e i t z  Ploemopak ep i f luorescence  u n i t .
i i ) HLA-DR and mve lo id  antigen de tect ion
Anti-human HLA-DR and monocyte antigen monoclonal an t ibod ies  were 
d i lu t e d  according to the manufacturers recommendations (Mouse monoclonal 
anti -human DR antigen -  1 :10 000; Mouse monoclonal ant inhuman monocyte -  
1:100; t o t a l  IgG  ̂ concentrat ion in both -  l .Omg/ml) .  One hundred micro­
l i t r e s  o f  th is  d i l u t i o n  was added to  a p e l l e t  o f  1Ô MN c e l l s  ( i s o la t e d  
on F ico l l -P a que ;  Sec. 11 C i i ) ,  thoroughly mixed and l e f t  on ice fo r  
t h i r t y  minutes with  occassional  mixing.  The c e l l s  were washed 3 times 
with  ice cold PBS a f t e r  incubation,  One drop of  ra b b i t  anti-mouse IgG- 
FITC conjugate was added to the c e l l  p e l l e t ,  thoroughly mixed and l e f t  
on ice fo r  30 minutes (wi th occassional m ix ing ) .  A f t e r  th is  t ime,  the 
c e l l s  were washed 3 times w i th  ice cold PBS (400g; 10 m inutes) .  The c e l l  
p e l l e t  was subsequently resuspended in 1 drop of  5%PBS/95% g lycero l  and
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Figure 2 .3  L ight microscopy photographs of various roset tes w i th
human I vmphocvtes
The photographs show roset tes  formed with  sheep, mouse and Facb 
coated c a l f  RBC. The techniques used were those described in 
Chap, 11 Sec. 11 D i ,  i i  and i i i .  The photographs were taken with  
a Canon 35mm SLR camera attached to a Zeiss SM-Lux microscope using 
d i r e c t  i l lu m in a t io n ,  Total  magni f ica t ion  (on the microscope) x 400.
Human Lymphocytes R o s e t te d  w i t h  Facb Coated CRBC
<5
1 a
Human Lymphocytes R ose t ted  w i t h  SRBC
Human L y m p h o c y t e s  R o s e t t e d  w i t h  MRBC
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examined as described previously  (S ec ,11 E i ) .
(F) Mononuclear c e l l  subpopula t ion  separation techniques
i ) T cel  1s
Lymphocytes were rosetted wi th  SRBC  ̂ as described previously  
(Sec. 11 D i i )  except that because o f  the large volumes employed,  
re s e t t in g  was performed in s t e r i l e ,  25ml conical  bottomed b o t t le s  
( S t e r i l i n ) .  A f te r  1 hour, the c e l l  p e l le t s  were gent ly  resuspended 
w ith  a pasteur p ip e t te  and 3m1 of F icol l -Paque was c a r e f u l l y  layered  
beneath the c e l l  suspension. The samples were then centr i fuged  fo r  
30 minutes (400g; 2Q^C) and the T c e l l  depleted in te r fa c e  c e l l s  were 
removed. These were washed 3 times wi th  CMFSS (400g; 10 minutes) and 
assessed fo r  T c e l l  contamination by SRBC roset te  formation as 
prev ious ly  described (Sec. 11 D i i ) ,
T c e l l s  could be recovered from the c e l l  p e l l e t  a f t e r  F i c o l l -  
Paque separation by lys is  of  the SRBC with ammonium c h lo r ide  s o lu t io n .
The c e l l  p e l l e t  was thoroughly resuspended in 5m1 ammonium ch lo r ide  
(Sec. 1 D ) . This was incubated fo r  IQ minutes a t  37^C and then washed 
3 times w i th  PBS (40Qg ; 10 minutes)^.
i i ) Facb R  ̂ ce l l  deplet ion
Rosette deplet ion
Facb R  ̂ c e l l s  were depleted as descrtbed above [Sec 11 F i )  using 
CRBC sens i t ised  with  the Facb fragment o f  rabb i t  anti-CRBC IgG.
Immobilised complexes
The technique used to deplete  Facb R  ̂ c e l l s  by adherence to 
immobilised complexes was s im i la r  to that described by Horwitz et  a l . ,  
( 1978) .  Two m i l l  l i t r e s  of  a so lut ion  of  bovine serum albumin (BSA;5mg/ml) 
in PBS was added to a p l a s t i c  p e t r i  dish (5cm diameter;  S t e r i l i n )  and
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incubated at  37^C fo r  1 hour. The so lut ion  was discarded and the p la tes  
thoroughly washed with  PBS. Two m i l i l i t r e s  o f  an optimal d i l u t i o n  ( in  
PBS) of  anti -BSA IgG (predetermined in p re l im in ary  experiments)  was 
added to  the p la te  and incubated at  room temperature fo r  1 hour. The 
p la t e  was again thoroughly washed with  PBS. Two m i l i l i t r e s  of  a lympho­
cyte  suspension (4 x 10^ c e l l s /m l )  were added to the p la te  and incubated 
at  room temperature for  1 hour. Two hundred m i c r o l i t r e s  o f  t h is  suspension 
was re ta ined to determine the %Facb c e l l s  (Sec. 11 D i ) .  A f t e r  
incubat ion,  the p la te  was gently  a g i ta ted  and the non-adherent c e l l s  
removed. Several volumes of PBS were used to gen t ly  wash the p la te  to remove 
any unbound c e l l s .  These were centr i fuged (40Qg;10 minutes) and roset tes  
performed (Sec. 11 D i l  to determine the degree of  Facb R  ̂ c e l l  d e p le t io n .
i i i ) Monocv te dep le t ion
Carbonv l iron treatment
Carbonyl iron powder was added to f re s h ly  drawn heparinised blood 
at  a concentrat ion of  20mg/ml and mixed fo r  30 minutes a t  37°C. The blood 
was then d i lu t e d  1:1 w i th  CMFSS and separated on F ico l l -Paque  as 
prev ious ly  described (Sec. 11 C i i ) .  The e f f i c i e n c y  o f  monocyte dep le t ion  
was inves t iga ted  by performing d i f f e r e n t i a l  s ta ins  on cytospin preparat ions  
of  the lymphocyte preparat ions.
P la s t i c  adherence
A mononuclear c e l l  [MN) suspension prepared by F ico l l -Paque  
separation (Sec 11 C i i )  was washed and resuspended in HBSS conta in ing  
10% v /v  fo e ta l  c a l f  serum (FCS). Two m i l i l i t r e s  of  th is  suspension 
(4 X 10^ c e l l s /m l )  were incubated in p l a s t i c  p e t r i  dishes (5cm diameter;  
S t e r i l i n )  fo r  30 minutes a t  37°C. The p la tes  were washed v igorously  
with  several  volumes o f  HBSS to obta in  the non^adherent c e l l s .  These c e l l s  
were then p e l le te d  (400g;1Q minutes) and resuspended a t  4 x 10^ c e l l s / m l .
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Monocyte contamination was assessed as described above and i f  
necessary,  the procedure was repeated to ensure complete removal of  
the monocytes.
P e rc o l1 grad ient  separation
A MN c e l l  suspension was obtained from f re s h ly  drawn heparinised  
blood by separation over F ico l l -Paque  (Sec. 11 C i i ) .  The MN c e l l s  
were layered over a cushion o f  52% P e rc o l1 (dens ity  1 .062g /J)  and 
cent r i fuged  a t  400g fo r  2Q minutes.  The p e l le te d  c e l l s  (lymphocytes) 
were washed 3 times in PBS (400g; 10 minutes) before being used f u r t h e r .  
The c e l l s  remaining above the P e rc o l1 layer  were la rg e ly  monocytes 
with  a v a r i a b l e  degree of  lymphocyte contamination,
(G) Lvmphocvte  a c t i v a t i o n  bv mitogens
The in v i t r o  a c t iv a t io n  of  lymphocytes was studied using 
Concanaval in A (Con A ) ,  Phytohaemagg1u t i n i n  (PHA) and Pokeweed mitogen 
(PWM). The f reeze  dr ied commercial preparat ions were a l l  reconsti tu ted  
with  s t e r i l e  PBS. Con A was re cons t i tu ted  immediately before use and 
f i l t e r  s t e r i l i s e d  C0.22^m pore s iz e ;  M i l l i p o r e  disposable f i l t e r  u n i t ) ;
PHA (400^g/ml) and PWM were prepared,  a l iq u o t te d  and stored a t  -196°C 
and a t  -2Q°C re s p e c t iv e ly ,  immediately before use these stock solut ions  
were d i lu t e d  in medium RPMi 1640,
F ico l l -Paque  iso la ted  MN c e l l s  were prepared under s t e r i l e  condit ions  
and suspended a t  a concentrat ion of  5 x 10^ ce l ls /m l  in RPMI 1640 
c u l tu r e  medium conta in ing 10% v/v  FCS. Quadruplicate cu l tu res  were 
prepared in round^bottomed t issue  c u l tu re  m i c r o t i t r e  p la tes  (Nunc).
Each wel l  contained 200^1 c e l l  suspension and 1 0 ^  of  e i t h e r  the mitogen 
s o lu t ion  or medium. In a l l  experiments,  a range of  mitogen concentrat ions  
was used. The p la tes  were incubated fo r  72 hours in a humidif ied  
atmosphere of  95% a ir /5%  CÔ  a t  37°C. Four hours before harvesting ,  
( T i t e r t e k  Cell  Harvester ,  Flow Laboratories  L t d . , )  0.5yyCi o f  t r i t i a t e d
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thymidine ( s p e c i f i c  a c t i v i t y  5Ci/mmol) was added to each w e l l .  Radio­
a c t i v i t y  incorporated into t r i c h l o r o a c e t i c  acid (TCA) p r e c ip i t a b le  
m ater ia l  was measured in a Packard T r i -C a rb  l iq u id  s c i n t i l l a t i o n  
spectrometer using t o i uene/PPO/POPOP s c i n t i l l a t i o n  f l u i d .
( H) Measurement of  I g production
i ) Human l ymphocyte cu l tu re  condi t ions
Two hundred m i c r o l i t r e s  of  a s t e r i l e  suspension of  MN c e l l s  in 
RPMI 164Q (5 X  10^ c e l l s /m l )  were added to each well  o f  a f la t -bot tomed  
m i c r o t i t r e  p la te  (Nunc). Quadruplicate cu l tures  each contained 1 0^  
of  e i t h e r  PWM so lu t ion  or medium, A range of  mitogen concentrat ions  were 
used. The p la tes  were incubated fo r  14 days a t  37°C in a humidif ied  
atmosphere of  95% a i r /  5% CO ,̂ At the end o f  the incubation per iod ,  the 
supernatants were harvested and stored at  -90°C u n t i l  assayed fo r  Ig 
production by the enzyme-l inked immunosorbent assay,
i i ) Enzyme-1 inked immunosorbent assay (ELISA)
Two hundred m ic r o l i t r e s  of  an optimal d i l u t i o n  o f  an anti -human  
polyva lent  immunoglobulin was dispensed in to  each ELISA cuvette  wel l  
(G i l fo r d  ELISA cuvette  packs. Corning L t d . ) .  The cuvettes were incubated 
in a humid box fo r  1 hour at  37^0 and subsequently overnight a t  4°C,
They were washed e x tens ive ly  w i th  PBS/Tween, the f i n a l  wash being 
asp ira ted  w i th  a mechanical pump. Two hundred m ic r o l i t r e s  o f  each 
doubling d i l u t i o n  o f  the control  serum or te s t  supernatants ( in  PBS/
Tween) was added ( in  d u p l ica te )  to the cuvettes ,  which were subsequently 
incubated in a humid box at  37°C fo r  1 hour. A f t e r  incubat ion,  the 
washing procedure with  PBS/Tween was repeated.  Two hundred m i c r o l i t r e s  
of an optimal d i l u t i o n  ( in  PBS/Tween) o f  the re levant a l k a l i n e  phosphatase 
conjugate anti -human IgG or IgM (determined in p re l im inary  experiments)  
was added to each cuvette  and tPie p la tes  incubated a t  37°C fo r  1 hour in
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a humid box. A f t e r  extensive washing w i th  PBS, 200^1 of  a s o lu t ion  of  
a l k a l i n e  phosphatase subst rate  (p -n it rophenol  phosphate) in ethanolamine  
b u f fe r  ( Im g /m l ) ,  was added to each cuve t te .  The colour  was allowed to  
develop a t  room temperature and when the p o s i t i v e  contro l  serum reached 
an absorbance value of  2 .0  (a t  405nm; G i l f o r d  Manual ELISA p la te  reader.  
Corning L t d . , ) ,  the reaction was stopped by the ad d i t io n  of  200^1 of  
1.5M NaOH. The o p t ica l  densi ty  o f  each cuve t te  was then determined at  
405nm.
i i i ) j_g production by murine l ymphocyte s -  the plaque forming c e l l  (RFC) 
assay
A m o d i f ic a t io n  of  the method described by Cunningham (1968) was 
used to determine the number o f  Ig secre t ing  c e l l s  in a suspension of  
mouse spleen c e l l s .  A s in g le  c e l l  suspension o f  murine sp len ic  lympho­
cytes was prepared (Sec. 11 C i i i l ,  f i l t e r e d  in to  LP2 tubes (Luckhams), 
d i lu te d  in HBSS and the c e l l  concentrat ion determined. The tubes were 
stored on ice u n t i l  required.  Ind ica to r  e ry th rocy tes  were washed 3 times 
in PBS, d i l u t e d  to give a 40% v /v  suspension and stored on ice .  Glass 
microscope s l id e s  were thoroughly cleaned w i th  alcohol and stuck  
together  in pa i rs  by 3 s t r ip s  of  double sided tape (S e l lo t a p e ,E n g la n d ) . 
Each pa i r  o f  s l id e s  thus provided 2 chambers f o r  d u p l ic a te  samples. To 
each chamber was added 50^1 * incubât ion medium'. This comprised 200y,l 
c e l l  suspension (added immediately before use ) ,  2QQ^1 in d ic a to r  c e l l  
absorbed guinea pig complement (1:10 d i l u t i o n )  and IQQ^l 40% v /v  
in d ica to r  c e l l  suspension. The chamber was f i l l e d  w i th  -chaser medium'
composed o f  1ml complement (1:10 d i l u t i o n ) ,  1ml HBSS and 0.5ml 40% v /v
ind ica to r  c e l l  suspension. The chambers were sealed w i th  molten vase l ine  
and al lowed to  s e t t l e  on a le v e l in g  t a b le .  A f t e r  incubation a t  37°C for
90 minutes,  the numbers of  plaques in each chamber was determined using
a L e i tz  lab or lux  12 microscope f i t t e d  w i th  an Hi tach i  CCTV camera 
attached to  an Hitachi  video monitor VM-129 ( t o t a l  m a g n i f ica t io n  x 4)0).
0 9 4
Mod î f  î cat ions
In some experiments i t  was necessary to determine the number of  
1ipopolysacchar ide (LPS) s p e c i f ic  PFC. in order to do t h i s ,  2m1 washed, 
packed sheep RBC were suspended in 4mi o f  a so lu t io n  of  LPS (Img/ml) 
and incubated a t  37°C fo r  1 hour. The c e l l s  were washed 3 times in PBS and 
d i lu te d  to give a 40% v /v  suspension. These were then used as described  
above.
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C H A P T E R  1 1 1  
CHARACTERIZATION OF THE FACB R'*' CELl^
S E C T I O N  1
(A) In troductIon
The Facb R  ̂ c e l l  has already  been p a r t i a l l y  character ized  ( H a l l ,
Winrow and Bacon, I 98O; Winrow and H a l l ,  1980; Hal l  and Bacon, 1981;
Winrow, 1982).  I t  has been shown to be SIg (detected by d i r e c t  f l u o r e s ­
cence) E ; C^R ; HP R ; s p e c i f i c  esterase negat ive .  Thus, these c e l l s  
appear to be ' n u l P  c e l l s  when judged by the c r i t e r i a  discussed in Chap.
1 Sec. 1 C i i i  and may he s im i la r  to L c e l l s  described by Horwitz and 
G arre t t  (1977) ,  Horwitz e t  a l . ,  (1978) and Niaudet et  a l . ,  (1979)*  These 
workers reported that L c e l l s  have a deep nuclear c l e f t  and express an 
ant igen detected by the monoclonal antibody OKMl and/or HLA-DR re la te d  
antigens.  The suggested that th is  may ind ica te  th a t  L c e l l s  are der ived  
from the myeloid l ineage stem c e l l .  In order to in v e s t ig a te  the s i m i l a r i t y  
between Facb R  ̂ lymphocytes and L c e l l s ,  various experiments were performed 
which examined the c e l l u l a r  morphology of  Facb R  ̂ c e l l s  and t h e i r  monocyte 
re la te d  c h a r a c t e r is t i c s .
(B) Electron microscopv of  F6cb R  ̂ c e l l s
Facb Rt c e l l s  were obtained by p o s i t iv e  se le c t io n  from f r e s h ly  drawn 
. hepar in ized blood. Ce l ls  from 6 pa t ien ts  wi th  a c t iv e  RA and 6 heal thy  
control  subjects were obtained as described in Chap. 11 Sec. 11 F i i ) .
The c e l l s  were prepared fo r  the e lec tron  microscope by Miss J. Pr ice  
(Royal United H o s p i ta l ,  Bath),. The specimens were embedded in 1% agar ,  
stained wi th  uranyl aceta te  and lead c i t r a t e  and examined using a JEOL 
JEM-1008 transmission e lec t ron  microscope. Some of  the e le c t ron  micrographs 
obtained are shown in Figures 3-1 and 3 -2 .  Approximate c e l l  dimensions 
were ca lcu la ted  from the e lec tron  micrographs a t  a to t a l  m agn i f ica t ion  of  
X 36000. Measurements in four d i f f e r e n t  planes were recorded fo r  each c e l l .
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these are given in Table 3 .1 .  The measurements show that  b o t h h e  c e l l u l a r  
and nuclear diameters are s i g n i f i c a n t l y  la rge r  fo r  Facb c e l l s  from 
p a t ie n ts  with  RA than for  those from healthy  contro l  subjects (ptO.OOf) .
Also these rheumatoid c e l l s  were s i g n i f i c a n t l y  smaller than monocytes 
from healthy  contro ls  (p^O.OOl).  The r a t i o  o f  c e l l :n u c leu s  diameter was 
smaller  in rheumatoid than control  c e l l s  suggesting that the former have 
a la rger  volume of cytoplasm than the l a t t e r .
S t r u c t u r a l l y ,  the e lec t ro n  micrographs o f  Facb R  ̂ c e l l s  showed that  
both rheumatoid and contro l  c e l l s  possessed deep nuclear c l e f t s  and a 
considerable degree o f  per iphera l  condensation of  chromatin.  The l a t t e r  
suggests tha t  the c e l l s  are r e l a t i v e l y  mature.  The cytoplasm of  the control  
c e l l s  contained numerous iso la ted  ribosomes and a few mitochondria ( .4-8) .
The rheumatoid c e l l s  also showed numerous ribosomes but in a d d i t io n  con­
tained polysomes (F ig .  3*2 a ;c )  and rough endoplasmic ret iculum (F<ig 3*2 c)_. 
Greater numbers o f  mitochondria (9-2G1 were observed in these c e l l s  compared 
with  control  c e l l s .  The former also showed well  developed Golgi complexes 
(Fig 3 ,2  a ;b ;c )  and evidence of  cytoplasmic f i b r i l l a r  s tructures  c h ara c te r ­
i s t i c  o f  myeloid c e l l s  ( f i g  3 ,2  a;c)_.
(C) Steroid s e n s i t i v i t y o f  Facb R̂*̂  c e l l s
Monocytes have heen shown to be h igh ly  s e n s i t iv e  to c o r t i c o s t e r o id s .
Thus, hydrocort isone was used to examine the s te ro id  s e n s i t i v i t y  o f  Facb 
R  ̂ c e l l s .  A bolus dose o f  JOQmg hydrocort isone sodium succinate (HCO)
(Organon Laborator ies)  was giyen intravenously  to a group of heal thy  
control  subjects and to a group of  p a t ie n ts  wi th  c l a s s i c a l ,  a c t i v e ,  RA 
(selected by Dr.B,  Cadge, RNHRD, Bath).  A sample o f  venous bleed was taken 
before ad m in is t ra t io n  of  HCO and a lso at  2 and 4 hours t h e r e a f t e r .  A t o t a f  
white c e l l  count, a d i f f e r e n t i a l  count,  Facb, EA and E roset tes were 
performed on each sarpple C see Chap.11 S ec ,11 C fo r  methods).  The resu l ts  
are  given in Tables 3 . 2 a , h  and Figs.  3 -3  and 3 .4 .  Monocytes were s i g n i f i c a n t l y  
reduced in numbers in both rheumatoids and contro ls  at  4 hours post HCO





CELL SIZE 24 5.1 4 . 5 - 5 . 7 C
NUCLEUS SIZE 32 3.8 3 . 2 - 4 . 5 C
NUCLEUS:CELl 
RATIO 0 .7 5 : 1 .0
C
CELL SIZE 36 8.2 7 . 1 - 9 . 3 RA
NUCLEUS SIZE 26 5.5 4 . 4 - 6 . 7 RA
NUCLEUS:CELL
RATIO 0 .6 7 :1 .0
RA
CELL SIZE 8 10.9 9 .0 - 1 2 . 9 MONO
NUCLEUS SIZE 8 5.7 4 . 9 - 6 . 4 MONO
NUCLEUSrCELl
RATIO
0 .5 0 : 1 .0 MONO
KEY
C -Control  cel 1 measurements
RA -Rheumatoid c e l l  measurements
MONO -Monocyte measurements
3
+   ̂ •
F i g . 3.1 Electron micrographs o f  Facb R c e l l s  from control  subjects
Facb R  ̂ c e l l s  were obtained by re s e t t in g  w i th  Facb coated CRBC and 
c e n t r i f u g a t io n  through Ficoll-Paque (Ch.3 Sec.A i ) .  Micrographs of  osmium 
t e t r o x i d e / u r a n y 1 aceta te  stained c e l l s  were obtained using a JEOL JEM- 
1008 transmission e lec t ron  microscope.
KEY
E -  CRBC 
C -  Cytoplasm 
M -  Mitochondrion  
R -  Ribosomes 
N -  Nucleus 
NU -  Nucleolus
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F i g .  3 . 2  E l e c t r o n  m ic r o g r a p h s  o f  Facb c e l l s  f r o m  r h e u m a to id  s u b j e c t s
Facb R  ̂ c e l l s  were obtained by ro s e t t ing  w i th  Facb coated CRBC and 
c e n t r i f u g a t io n  through FicoH-Paque (Ch.3 Sec,A i ) .  Micrographs of osmium 
t e t r o x i d e / u r a n y 1 aceta te  stained c e l l s  were obtained using a JEOL JEM- 
1008 transmission e lec t ron  microscope.
KEY
E -  CRBC 
C -  Cytoplasm 
M -  Mitochondrion  
R -  Ribosomes 
P -  Polysomes
RER- Rough endoplasmic ret iculum  
GC -  Golgi complex 
CS -  Centrosome 
N -  Nucleus 
Nu -  Nucleolus
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a d m in is t r a t io n ,  the e f f e c t  being more pronounced in the l a t t e r  (pcO.OOl) 
than the former (p < 0 .0 1 ) .  The number of  c i r c u l a t i n g  neutrophi ls  was s i g n i f i ­
c an t ly  increased a t  4 hours in both pa t ien ts  wi th  RA (p t0 .05)and control  
subjects (p<0 .001 ) .  A s i g n i f i c a n t  decrease in the number o f  c i r c u l a t i n g  
£ R  ̂ c e l l s  (T c e l l s )  was a lso  observed in both groups (p<0. 0 0 1 ) . HCO had 
no e f f e c t  on the number o f  EA R  ̂ c e l l s  in the per ipheral  blood o f  e i t h e r  
group. S i m i l a r l y ,  the number of  Facb R  ̂ c e l l s  in control  blood was 
unaffected by the a d m in is t ra t io n  o f  HCO. However, RA subjects had 
s i g n i f i c a n t l y  fewer c i r c u l a t i n g  Facb R  ̂ c e l l s  4 hours a f t e r  HCO adm in is tra t ion  
than a t  time 0. Thus, these resu l ts  suggest tha t  the Facb R  ̂ c e l l  is s tero id  
s e n s i t i v e  in p a t ien ts  w i th  RA but not in control  subjects .
(D) HLA-DR and monocvte  a n t i gens on Facb R  ̂ c e l l s  -  an in v e s t iga t ion  with  
monoclonal antibodies
Lymphocytes obtained from f re s h ly  drawn heparinized blood (Chap.]]
Sec. 1] C i i )  were t re a te d  w i th  anti -HLA-DR or anti-human monocyte 
antigen monoclonal an t ibod ies  as described in Chap.11 Sec 11 E i i .  The 
re s u l ts  are shown in Table 3 *3*  Tbe percentage of  Facb R  ̂ c e l l s  in both 
rheumatoid and contro l  sub jects  was s i g n i f i c a n t l y  decreased by both the  
anti -HLA-DR (contro l  : p<Q.005 ; rheumatoid ; p<Q.QQ1) and the anti-monocyte  
ant i  gen monoclonal ant i bodies (c o n t ro l ;p < 0 .005 ; rheumatoid : p<0.001 ) .
Although i t  was thought u n l i k e l y  tha t  th is  e f f e c t  could be due to non-spec i f ic  
blocking of  the Facb receptors  (since both the antibodies were used a t  
extremely  low d i l u t i o n s )  an a l t e r n a t i v e  method was used to in ves t ig a te  the 
presence of the antigens on Facb R  ̂ c e l l s .
Lymphocytes were obtained from f re s h ly  drawn, heparinised blood 
(Chap.11 Sec. 11 C i i )  and Facb roset tes were performed (Chap.11 S e c .11 
D i ) .  A f t e r  incubation a t  4°C fo r  J hour, the roset tes were gently  
resuspended, d i lu te d  in 3m 1 PBS75%BSA Cbovine serum albumin) and used 
to prepare s l id e  mounted,dried specimens by cy to c e n t r i fu g a t io n  (Shandon
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f i g ,  3 ,3  Démonstration o f  the e f f e c t  o f  hydrocort isone on 
lymphocyte surpopulat ions
A IQOmg bolus dose o f  hydrocort isone sodium succinate  (HCO) was 
given in t ra -venously  ( i v l  to a group of  healthy  contro l  subjects  and to 
a group o f  p a t ie n ts  wi th  c l a s s i c a l ,  a c t iv e  rheumatoid a r t h r i t i s  of  not 
more than one year dura t ion ,  A l l  the pa t ien ts  were on non-s tero ida l  
drugs,
KEY
C -  Control  lymphocyte subpopulat ions  
RA -  Rheumatoid lymphocyte subpopulat ions  
[ I -  0 Hours 
-  2 Hours 









































F i g .  3 . 4  E f f e c t  o f  h y d r o c o r t i s o n e  on o t h e r  l e u k o c y t e  p o p u l a t i o n s
Each blood sample was subjected to a to t a l  whi te  c e l l  count (Ch.2 
S e c .11 C iv )  and a d i f f e r e n t i a l  count.
KEY
C -  Control  c e l l s  
RA -  Rheumatoid c e l l s



















































HOURS AFTER DRUG ADMINISTRATION
I l l
Table 3-3 a
E f fe c t  o f  monoclonal anti -D R or anti^monocyte on rheumatoid lymphocytes
SUBJECT % Facb % Facb post monoclonal + complement
AntNDR Ant i ^monocyte
KT 5 2 0
TC 6 1 1
MS 6 1 1
WS 8 2 2
NB 8 3 3
EW 5 1 1
Table 3«3 b
E f fec t  o f  monoclonal an t i -DR or anti -monocyte on contro l  lymphocytes
SUBJECT % Facb % Facb post monoclonal + complement
Anti-DR Ant I-monocyte
LE . 4 1 2
SL 2 1 1
MM 3 2 1
SF 2 0 1
DP 4 2 2
NF 2 1 1
1 1 2
Table 3 ,4  E f fec t  o f  monoclonal anti-rPR or ant î. Tfnonocyte antigen on 
cytospin preparat ions o f  rheumatoid and control  Facb roset tes





















KT (RA) 3/3 4 /4
TC (RA) 2/2 4 /4
MS (RA) 4 /4 3/3
WS (RA) 4 /4 5 /5
NB (RA) 6 /6 4 /4








E l l i o t ;  400g fo r  10 minutes) .  The specimens were f ixed  in alcohol and 
f looded w i th  a drop of the recommended d i l u t i o n  o f  one of  the monoclonal 
a n t ib o d ie s .  A f t e r  incubation at  room temperature for  30 minutes,  the 
specimens were thoroughly washed in PBS and were covered wi th  a drop of  
r a b b i t  anti-mouse IgG-FiTC ( f luoresce in  isothiocyanate)  conjugate.  This 
was l e f t  fo r  30 minutes a t  room temperature. The specimens were again 
washed on PBS and then l e f t  to dry.  A drop of  95% glycero l /5% PBS was 
placed over each specimen and they were examined as described previously  
(Chap.11 Sec. 11 E i ) .  The resul ts  are shown in Table 3 .4 .  A l l  the 
ros e t te s  counted bore both HLA-DR and monocyte markers.
(E) i n v e s t i ga t io n  of  the d e n s i ty of  Facb R  ̂ c e l l s  using P e rc o l1
In func t iona l  s tu d ies ,  P e rc o l1 (dens ity  1.062g/d) was used to  
separate  monocytic c e l l s  from mononuclear c e l l  p repara t ions .  In one 
experiment i t  was noted tha t  the %Facb R  ̂ c e l l s  in the lymphocyte 
p re para t ion  was severely  depleted a f t e r  removal of  monocytes. I t  was 
decided to in ves t ig a te  th is  f u r t h e r .  Mononuclear c e l l s  CMN) were 
obta ined from f re s h ly  drawn venous blood by c e n t r i f u g a t io n  through 
F ic o l l  (see Chap. 11 Sec 11 C i i ) .  Facb rosttes  were performed (Chap.11 
Sec. 11 D i )  and the remaining MN c e l l  preparat ion was separated over 
52% v /v  P e rc o l1 (density  1.062g^J).  The two populations obtained  
(sample^ : densi ty  <1.062g^l;  sample3 : densi ty)  1 , 0 6 2 g / j )  were washed 
and Facb roset tes  were performed on both.
The re su l ts  are shown in Table 3 .5 .  Those subjects who had leve ls  
of  Facb R  ̂ c e l l s  in the i n i t i a l  MN ce l l  preparat ion above the normal 
range (0-4%; see Chap. vi Sec 1 A ) showed a s i g n i f i c a n t  decrease 
( p < O . O l )  in the to ta l  number of  Facb R  ̂ c e l l s  in sample 3 compared 
with  the i n i t i a l  MN c e l l  preparat ion (sample 1 ) .  The number o f  these 
c e l l s  in sample 2 was not s i g n i f i c a n t l y  d i f f e r e n t  to tha t  in sample 
1, Thus, in t h is  group, 64% of the to ta l  number of  Facb R  ̂ c e l l s
Table 3 . S In v e s t i aa t îon  o f  the densi ty  o f  Facb c e l l s  us ing P erc o l1
1 1 4
I n i t i a l  number of  Facb R  ̂ c e l l s  
w ith in  normal range
I n i t i a l  number of  Facb R  ̂ c e l l s  
above normal range
Sample Sample
Po. 1 2 3 1 2 3
B 0.21 0.10 0.15 A 1.70 1.12 0.51
D 1.04 0.32 0.54 C 1.24 0.68 0.35
E 0.73 0.22 0.32 F 0.97 0.48 0.18
G 0.27 0.14 0.19 1 1 .70 1.27 0.10
H 0.95 0.21 0.41
J 1.48 0.44 1.02
n 6 6 6 4 4 4
X 0.78 0 . 2 4 * 0.44 1.40 0.89 0 . 2 9 * *
sd 0.48 0.12 0.32 0.36 0.37 0.18
S t a t i s t i c a l  ana lys is  using Student 's  t - t e s t
S ign i f icance  was determined fo r  each sample in r e la t i o n  to 
sample 1.
*  p < 0.05  
* *  p ^ 0.01
+ - kThe re s u l ts  gre express as t o t a l  numbers of  Facb R c e l l s  X 10
jC£V
ĉdcNcjrsV'
v>vs.vN«Aa&C (2^  c a X A o  > . 1 0 " ^  'fcT S f*^  * ^ c o l  /
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appl ied  to the Percol)  separated out w i th  the monocytes (i£, those c e l l s  
w ith  a densi ty  <1.062g/JX In c o n t r a s t ,  those subjects who had leve ls  of  
Facb c e l l s  in sample 1 w i th in  the normal range showed a s ig n i f i c a n t  
decrease in the t o t a l  number o f  Facb R  ̂ c e l l s  ( p < 0 . 0 5 )  in sample 2 
compared w i th  sample 1. The number o f  these c e l l s  in sample 3 was not 
s i g n i f i c a n t l y  d i f f e r e n t  to th a t  in sample 1. Thus, in th is  group, 11% 
of  the t o t a l  number o f  Facb R  ̂ c e l l s  appl ied  to the P erco l1 separated 
out w i th  the lymphocytes, (Te. those c e l l s  w ith  a densi ty  > 1 .0 6 2 g /J ) .
There fo re ,  these re s u l ts  ind ica te  tha t  in patien ts  with  raised percentages 
of Facb R  ̂ c e l l s ,  the l a t t e r  are less dense than in normal, healthy  
contro ls  or in p a t ie n ts  w i th  %Facb R^ c e l l s  w i th in  the normal range.
1 1 6
S E C T I O N  1 1
(A) In t roduct  ion
Studies o f  the functions  mediated v ia  the Facb receptor (or the c e l l  
on which i t  is expressed) were d i f f i c u l t  to achieve owing to the problems 
encountered t ry in g  to produce an Facb c e l l - f r e e  lymphocyte suspension. 
Deplet ion  o f  Facb R  ̂ c e l l s  by re s e t t in g  (Chap. 11 Sec. 11 F i )  was 
i n e f f i c i e n t  owing to the f r a g i l i t y  o f  the roset tes  and removal of  
these c e l l s  by immobilized complexes (Chap.11 Sec, 11 F i i )  resulted in 
a c r i t i c a l  reduction of  monocytes. Thus, an a l t e r n a t i v e  method of  Facb 
R^ c e l l  dep le t io n  was sought. Winrow (1982) has shown th a t  the receptor  
which is capable o f  binding Facb e x h ib i ts  d i f f e r e n t  enzyme s e n s i t i v i t i e s  
to those receptors  detected by whole IgG. These resu l ts  indicated that  
the Facb receptor  is biochemical ly  d i f f e r e n t  from other Fc receptors 
and thus i t  is f e a s ib le  tha t  i t  may a lso be a n t i g e n ic a l l y  d i s t i n c t .
Thus, an attempt was made to produce an anti  serum s p e c i f i c  fo r  the Facb 
receptor .  In order to do th is  i t  was necessary to  produce a r e l a t i v e l y  
pure prepara t ion  of  the Facb receptor.  This was i n i t i a l l y  attempted by 
subject ing  lymphocytes to ' temperature shock' as described by Sarmay 
e t  a l . ,  (1978;1979) .
(B) Fc R shedding induced by ' temperature shock'
MN c e l l s  were obtained as described prev ious ly  (Chap. 11 Sec. 11 
C i i )  and Facb and EA roset tes  were performed (_Chap. 11 Sec. 11 D i ) .
The c e l l s  were maintained a t  0°C fo r  1 hour and then t ran s fe rre d  to an 
incubator a t  37°C fo r  various lengths o f  t ime. A f t e r  incubat ion,  they 
were washed 3 times w i th  PBS at  37°C and Facb and EA roset tes  performed.
I t  was found tha t  Fc receptors measured by EA roset tes  decreased to a 
minimum value a f t e r  45 minutes incubation at  37°C (see Fig 3 * 5 ) •  This 
decrease was s i g n i f i c a n t  in both rheumatoid (p<.0.QQ5) and control  subjects
F i g u r e  3 . 5 .  E f f e c t  o f  t e m p e r a t u r e  shock  on t h e  %Facb and %EA r o s e t t e s
Lymphocytes were incubated a t  0°C fo r  1 hour and then qu ick ly  
transferred to  37°C where they were kept fo r  45 minutes.  The c e l l s  were 
then washed and Facb and EA roset tes  were performed as described 
previous ly  (Chap. 11 Sec. 11 D i i ) .  Facb and EA roset tes  were also  




EA Facb EA Facb
0°C 37°C 0°C 37°C 0°C 37°C 0°C 37°C
n 8 8 8 8 23 23 24 24
X 2 3 .6 * 1 4 . 4 * 5 . 9 * * 5 . 3 * * 2 8 .3 * 2 0 . 2 * 8 . 5 * * 8 . 5 * *
sd 6 .7 7 .6 2 .6 1,8 7.8 9 .4 6 .2 6 ,3
Sign i f i c a n t  re s u l ts  determined by Student^s t ^ t e s t  
* -  p <  0.025  
* * -  p not s ig n i f i c a n t  







( p <  0 .0 2 5 ) .  However, the Fc receptors which bound Facb could not be 
induced to shed. These resu l ts  gave a f u r t h e r  in d ic a t io n  that  the Facb 
receptor  is d i f f e r e n t  to the m a jo r i ty  o f  Fc receptors .  However, since  
ne i th e r  the Facb receptors were shed, nor could the remaining Fc receptors  
be removed from the other lymphocytes, i t  was not possible to use such 
a prepara t ion  to produce an anti  serum. Thus, an a l t e r n a t i v e  source of  
Facb receptor  was sought.
(C) In v e s t iga t ion  of  an anti  serum to the Fc recepto r  on a K5&2 c e l l  l i n e
Winrow (.1982) reported that K5&2 c e l l s  did not bear a receptor  
which bound Facb. However, th is  author found th a t  52% of the c e l l s  
from a second K5&2 c e l l  l i n e  formed Facb roset tes  (see Table 3 . 6 ) .
An anti  serum to th is  l in e  was prepared in rabb i ts  by Mr K Narendran 
(Bath U n iv e rs i ty  Biochemistry Group) by repeated i.m in jec t io n s  o f  
K562 FCR (obtained by non-ionic  detergent s o l u b i l i z a t i o n  o f  K5&2 c e l l s )  
bound to Sepharose coupled rabb i t  IgG.
Facb and EA roset tes  were performed (Chap, 11 Sec. 11 D i l  on 
several  lymphocyte preparat ions (obtained by F ico l l -Paque  separation of  
heparinized blood; Chap.11 Sec. 11 C i i ) .  D i f f e r e n t  volumes of  the FCab')^  
fragment o f  the anti -K562  FcR IgG were added to 2 X 10^ lymphocytes 
from each subject.  The c e l l s  were incubated a t  room temperature fo r  30 
minutes,  washed 3 times in PBS and Facb and EA roset tes  were performed.
The re su l ts  show that the anti-rX562 Fc R an t i  serum s i g n i f i c a n t l y  
in h ib i te d  Facb roset tes  in both rheumatoids ( p < 0 , 0 l )  and contro ls  
( p < 0 . 0 5 ) .  I t  did not a f f e c t  the percentage o f  EA roset tes  detected  
(Table 3 *7 ) *  I e a c h  group, at  the highest concentrat ion of  antiserum  
te s te d ,  the decrease in the percentage of  Facb roset tes  C 4 .8  in 
rheumatoids; 2 .3  tn contro ls )  is comparable to the decrease in %EA 
roset tes  ( 5 .2  in rheumatoids; 1.8 in c o n t r o ls ) .  Thus, these re su l ts  
suggest tha t  the rabb i t  anti^K562 FcR anti  serum s p e c i f i c a l l y  in h ib i ted  
Facb ros e t te s .
1 2 0
Table 3«6 The %Facb R c e l l s  in two separate,  K562 c e l l  l ines
One c e l l  l in e  was grown a t  the Royal National Hospital  fo r  
Rheumatic Diseases (Hosp.) and the other  was donated from the 
Biochemistry Department o f  Bath U n îv e rs i ty  ( U n iv . ) .
K5&2 Hosp K562 Univ
Facb EA Facb EA
57 57 4 56
57 65 6 64
54 77 8 53
36 39 2 54
55 58 10 68
n 5 5 5 5
X 51.8 59.2 6 .0 59 .0 *
sd 8 .9 13.8 3.2 6 .6
S t a t i s t i c a l  analys is  using Student 's  t-^test 
*  p<0.001 EA V Facb K5&2 Univ.
1 3
T a b le  3 . 7  E f f e c t  o f  r a b b i t  F ( .ab * )^ a n t i - K 5 6 2  FcR on Facb and EA r o s e t t e s
Volume anti  serum y  )
0 10 20 25 50 100 200
Facb
Rheumatoid
n 9 4 - 4 9 - -
X 6 .6 2 .8 - 2 .0 1 .8 * -
sd 3 .5 1.0 - 1.4 1.7 —
Control
n 5 3 - 5 3 3
X 3 .4 2 .3 - 1 .2 1.7 0 . 7 * *
sd 0 .9 - 1 .2 .T 1.1 0 .6 1.2
EA
Rheumatoid
n 9 4 T T. 9 -
X 22.0 15.0 - 16.8 r -
sd 8 .8 3 .9 T - 6 .7
Control
n 5 T 3 5 3 3
X IJ .8 J1 .3 11.4 10 .7 10.0
sd 2 .9 3 . 8 3 .2 4 .0 4.6
S t a t i s t i c a l  an a lysis us ing Student*s t - t e s t
The s ig n i f ic a n c e  of  the re su l ts  is determined w i th  reference  
to the i n i t i a l  ros e t te  values where no antiserum was present.
p <0.01
p < 0 .05
1 2 2
C H A P T E R  I V  
Facb R  ̂ c e l l s  in mice -  a functiona l  study
(A) In t roduct  ion
Animals have been used to examine various immunological phenomena 
fo r  a long t ime. Whi ls t  no-one would suggest tha t  observations made in 
animal models give a l l  the answers about the analogous human s i t u a t i o n ,  
such observations are extremely  useful  in in d ica t ing  the d i re c t io n  in 
which human studies should progress.
The presence of  nu l l  c e l l s  in mice had been reported by several  
workers (Warr et  a l . ,  1978; Schrader and Nossal , 19801. Since mice are  
r e l a t i v e l y  easy to manipula te ,  i t  was decided to look fo r  the presence 
o f  Facb R  ̂ c e l l s  in mice.
(B) Facb R^ c e l l s  in mice
Single  c e l l  suspensions of mouse splenic  lymphocytes were obtained  
from male BALB/c (01a c , B ic e s te r l  and CFLP (Bath U n ivers i ty  out-bred  
stock) mice (Chap. 11 Sec. 11 C i i i )  and Facb roset tes  were performed 
(Chap.11 Sec. 11 D i ) .  Facb R  ̂ c e l l s  were found in both BALB/c and 
CFLP mice (Table 4 . 1 ) .
The presence o f  Facb R  ̂ c e l l s  in mice meant that studies could 
be undertaken to determine a possible  function  fo r  these c e l l s .  Winrow 
( 1982) reported the f ind ings  from a p re l im inary  experiment in which 
human control  subjects were given a skin tes t  (Tine te s t  for  tuberculos is  
associated a n t ig e n s ) .  Those ind iv idua ls  who showed a p o s i t ive  skin te s t  
response a lso showed an increase in %Facb R  ̂ c e l l s  in the periphera l  
blood. I t  was decided to in v es t ig a te  th is  response more f u l l y  in mice,
(C) f f f e c t  of  a d e la yed^type hyp e r s e n s i t i v i t y  (DTH) response on the %Facb R* 
c e l l s  in mouse spleen
Table 4.1 T i t r a t i o n  o f  Facb w i th  BALB/c and CFLP 1ymphocvtes
1 2 3
Concentrât i on of  Facb
0 1/5G 1/100 1/150
BALB/c o a X X S
n 5 5 5 5
X 0 2 .6 2 .4 0 .6
SJrd 0 1.1 1.1 0.5
CFLP p o S v V s 'v > « - CjbAX.S
n 10 1G 10 10
X G 1 .3 1,1 0.3
std G 0.5 0.6 0.5
1 2 4
i ) DTH response to oxazolone (4-^^thoxYm ethy]ene-2-phenv 1-oxazol-5~one)
A so lut ion  was prepared of  oxazolone in 50% acetone/50% ethanol  
(30mg/ml).  The ha i r  was remoyed from the abdominal wal l o f  CFLP mice 
and 0.1ml o f  the oxazolone so lu t ion  was spread oyer the nude area .  A f t e r
5 days, 250 ^g oxazolone in 50% acetone/50% o l i y e  o i l  was painted on the 
r ig h t  ( t e s t )  ear o f  each mouse, The l e f t  (co n tro l )  ear was painted wi th  
solyent on ly .  Groups o f  animals were s a c r i f i c e d  on days 0 ,1 , 2 ,3  and 6 
a f t e r  chal lenge ,  t h e i r  ear thickness measured and the percentage Facb R* 
splen ic  lymphocytes determined (Chap. 11 Sec. 11 C i i i ; 11 D i ) .
The mean thickness of  the te s t  ear was s i g n i f i c a n t l y  increased 24 
hours a f t e r  chal lenge (P40.005) and had returned to a normal yalue by day
6 (F igure  4 . 2 ) .  No s ig n i f i c a n t  change was obseryed in the %Facb R  ̂ c e l l s .
i i lDTH response to SRBC
CFLP mice were in jec ted  I n t r a - p e r i t o n e a l l y  ( Ip) ,  w ith  10^ SRBC in 
0.2ml PBS and were chal lenged 5 days l a t e r  w i th  10^ SRBC ( in  0.1ml PBSl 
in the te s t  foot pad and w i th  0.1ml PBS In the control  foot pad. Animals 
were s a c r i f i c e d  on days 0 , 1 , 3 , 4 , 5  and 7 a f t e r  chal lenge,  t h e i r  foot pad 
thickness measured and the %Facb R  ̂ sp len ic  lymphocytes determined (Chap. 
11 Secs. 11 C l i 1; 11 D 1)
The mean thickness of  the t e s t  foo t  pads was s ig n i f i c a n t l y  increased 
24 hours a f t e r  chal lenge (P<0.005)  and had returned to normal by day 7»
No s i g n i f i c a n t  change in %Facb R  ̂ c e l l s  was obseryed (Figure 4 . 2 ) .  These 
r e s u l ts  and those in Section 1 C i showed that  i t  was not possible  to  
e l i c i t  a change in the %Facb R  ̂ sp len ic  lymphocytes In mice by a simple 
DTH response. Recently ,  i t  has been shown that  the response in humans 
to the p u r i f i e d  p ro te in  d e r iy a t i y e  of  tubercu l in  (PPD) inyolyes both a 
humoral and a cel 1-mediated response (Neyeu, Buscot and S o u l i l l o u ,  1980; 
Ringden et  a l . ,  1979).  For th is  reason, primary and secondary humoral 
responses were induced In mice to in v e s t ig a te  the e f f e c t  th is  might 
haye on the %Facb R* sp len ic  lymphocytes.
F i gure 4.1 E f fe c t  o f  a DTH reaction  to oxazolone on the %Facb c e l l s  
in mouse_5Dleep
Male CFLP mice were sens i t ised  epicutaneously to oxazolone and 
challenged 5 days l a t e r  on the r ig h t  ear .  The l e f t  ear was t rea ted  w i th  
solvent  only as a c o n t ro l .  Mice were s a c r i f i c e d  by c erv ica l  d is lo c a t io n ,  
t h e i r  spleens removed, (For %Facb R^ c e l l  de termination) and t h e i r  ear  
thickness measured (by micrometer gauge)
Results
The re s u l ts  are expressed as the mean + / -  one standard d e v ia t io n
Day n %Facb Control ear
mm
Test ear  
mm
*P
0 7 2.411.1 0 . 2610.05 0 . 26* 0.05 NS
1 7 1 .610 .5 0 . 2610.05 0 . 7020.10 < 0.005
2 7 2 .7 1 1 .0 0 .2610.08 0 . 5610.05 < 0.005
3 7 2 .4 1 0 .8 0.2610.05 0 . 3110.04 NS
6 7 2 .310 .7 0 . 2510.05 0 . 2510.05 NS
*  Determined by Student 's  t -  te s t
m
▼ %Facb R  ̂ cel 1s 
A Test ear thickness (mm)



















"o  T — I—  2
D A Y S
/
Figure  4 .2  E f fec t  o f  a DTH reac t ion  to SRBC on %Facb c e l l s  in mouse 
sp lee n .
CFLP mice were in jec ted  ip w i th  10^ SRBC and chal lenged in the 
foo t  pad 5 days l a t e r  w i th  e i t h e r  10^ SRBC ( tes t  foot pad) or PBS 
(contro l  foot  pad).  Animals were s a c r i f i c e d  by cerv ica l  d is lo c a t io n ,  
t h e i r  spleens removed ( f o r  %Facb R^ c e l l  dete rmination) and t h e i r  foot  
pad thickness measured (Jay micrometer gaug^.
Results
A l l  resu l ts  are expressed as the mean + / -  one standard d e v ia t ion
Day n %Facb Control  ear Test ear *p
0 6 3 . 2 t l . 7 2 .8 1 0 .2 2 .81 0 .2 NS
1 6 - 2 . 7: 0 . 4 5 . 540.5 < 0.005
3 6 2 .5 ± 1 .4 2 .8 4 0 .6 3 . 34O.4 NS
4 6 3. 3t 1.0
5 6 3.011.1 3 .0 4 0 .5 2 . 910.5 NS
7 6 2 .7 1 1 .0 2 .6 1 0 .6 2 .610 .3 NS
*  Determined by Student 's  t - t e s t .  
KEY
•  %Facb R  ̂ c e l l s
A  Control  foot pad thickness (mm) 
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(D) The e f f e c t  of  pr imary and secondary immunization on the %Facb 
sp le n ic  1 ymph.Qcyte^.
I )SRBC as immunogen
The immunization schedule and experimental  protocol are described 
in the legend to Figure 4 .3 .  Both CFLP and BALB/c mice were used. B r i e f l y ,  
mice were given e i t h e r  a primary o f  secondary immunization w i th  SRBC and 
were s a c r i f i c e d  a t  regular  in te r v a ls  a f t e r  the f i n a l  i n je c t io n .  The 
%Facb R  ̂ splenTc lymphocytes and the numbers of  d i r e c t  and in d i re c t  RFC 
were determined (Chapter 11 Sections 11 D i ;  11 H i i i ) .
Ne ither  CFLP nor BALB/c mice showed any change in the %Facb R* 
splen ic  lymphocytes a f t e r  primary immunization w i th  SRBC (Figures 4,4a  
and 4 . 5 a ) ,  The number o f  SRBC*^specific d i r e c t  RFC in BALB/c spleens showed 
a s ig n i f i c a n t  r is e  by day 1 a f t e r  immunization which had not peaked by 
day 4 (F igure  4 , 4 b ) .  These resu l ts  indicated tha t  a primary immune response 
to SRBC had been e l i c i t e d .  Three days a f t e r  secondary immunization,  
both CFLP and BALB/c mice showed a s ig n i f i c a n t  increase (P<0.05 and 
p<Q.OQl r e s p e c t iv e ly )  in %Facb R  ̂ c e l l s  (Figures 4 ,4a and 4 .5 b ) .  The 
numbers o f  SRBCrspecific d i r e c t  and in d i r e c t  RFC in BALB/c spleens showed 
s ig n i f i c a n t  increased 2 days a f t e r  chal lenge; the d i r e c t  RFC reaching a 
peak a t  day 3 (F igure  4 ,4b)  w h i ls t  the number o f  in d i r e c t  RFC was s t i l l  
increasing on day 5 (Figure 4 , 4 c l ,  These resu l ts  suggested that  a secondary 
immune response had occurred. Thus, the %Facb R^ splenic  lymphocytes in 
mice increased 3 days a f t e r  a secondary chal lenge wi th  SRBC. However, 
t h is  a l t e r a t i o n  may have simply been non-spe c i f ic  owing to the recent priming 
o f  the mice (Shortman, Howard and Baker, 1978; Shortman, Howard, Tea le and 
Baker, J9791*. In order to determine whether or not th is  was t r u e ,  
mice were challenged w i th  e i t h e r  a cross^react ing or non cross^reacting  
antigen a f t e r  f i r s t  heing primed w i th  SRBC.
Figure 4 .3  Schematic representa t ion  o f  primary and secondary immunization 
in mice
Male CFLP and BALB/c mice were in jec ted  in t r a p e r i t o n e a l l y  ( ip )
w i th  e i t h e r  0.2ml o f  PBS or 0.2ml o f  an SRBC suspension in PBS con^
9 . 9ta in in g  5 x 10 SRBC/ml. Fourteen days l a t e r  a l l  mice were given 10
SRBC in 0.2ml PBS ( i p ) .  Mice were s a c r i f i c e d  a t  various in te r v a ls  a f t e r
the second in je c t io n  by c e rv ic a l  d is lo c a t io n .  Their  spleens were removed
and s in g le  c e l l  suspensions obtained (Chap.11 Sec. 11 C i i i )  from
which the %Facb R  ̂ sp len ic  lymphocytes was determined (Chap.11 Sec. 11 D i )
The numbers o f  d i r e c t  and in d i r e c t  plaque forming c e l l s  (PFC) in the



























Figure 4 .4  E f fe c t  o f  primary and secondary immunization on the %Facb 
sp le n ic  lymphocytes in BALB/c mice.
Male BALB/c mice were immunized w i th  SRBC as descrided in the 
legend to Figure 4 .3 .  A f t e r  s a c r i f i c e ,  the %Facb R  ̂ c e l l s  and the 
number o f  d i r e c t  and in d i r e c t  PFC in each splenocyte suspension were 
determined (Chap. 11 Secs. 11 D i ; 11 H i i i ) .
Results
*  p<0.001 when compared w i th  day 0 va lues.  
M l
•  Primary immunization 
(
A Secondary immunization
A1 1 resu1ts are expressed as the mean +/•? ] standard d e v ia t io n .
Primary immunization
Day _a %Facb Direct  PFC/10^ In d i r e c t  PFC/10.'
spleen cel 1s .SFliêÊn_.Xçl I s
0 10 1 .8±Q,9 360 ± 118 T-
1 10 i . / t o . y 10121 598 * -
3 10 1 .6±0 .5 355011298 * -
4 10 1 .4+1 .0 826512622 * -
Secondary immunization
0 10 2 .2 1 0 .6 184 *  70 160 1 91
2 10 2 .1 1 0 .9 201 1 62 120 1 71
3 10 6.111 .1 * 295711027 * 2481 1 803 *
4 10 4 .0 1 0 .9  * 286811141 * 443711634 *
5 10 2 . 511.0 227111056 * 446611813 *
- S t a t i s t i c a l  ana_ly_sis using Student 's  t-te.s.t.
1 3 3
m ^ M (M *-
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Fînure 4 . 4 . E f fe c t  o f  primary and secondary immunization on the %Facb 
c e l l s  In the spleens o f  CFLP mice
Male CFLP mice were immunized w i th  SRBC as described in the 
legend to Figure 4 .3 .  A f te r  s a c r i f i c e  the %Facb R  ̂ c e l l s  was determined 
(Chap.11 Sec. 11 D i i )
Results
A l l  the re s u l ts  are expressed as the mean + / t J standard d e v ia t io n .
Day j i  %Facb R  ̂ c e l l s
P r i m a r y, response S e c o n d a r y  response
0 6 J . 0 *0 .6  0 .8 * 0 . 8
3 6 1 . 5* 0.8  3 . 7* 1 .4  *
7 6 1 . 0: 0.8 1 ,3: 0 .5
S t a t i s t i c a l  ana lys is  us ing Studentts t - t e s t  
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I i )The e f f e c t  of  the i d e n t i t y of  the ch a l len qmg antigen on the %Fach 
splen ic  l ymphocytes in mice
9
Male BALB/c mice were given ip in je c t io n s  of  IQ SRBC in Q.2ml 
PBS. Fourteen days l a t e r  groups o f  animals were chal lenged with  e i t h e r  
10^ SRBC, 10^ goat RBC (GRBC; cross^react ing)  or 1 chicken RBC (ChRBC; 
non c r o s s - r e a c t i n g ) , Animals were s a c r i f i c e d  on days 0 and 3 a f t e r  
chal lenge ,  A s ing le  c e l l  suspension was prepared from the spleen of each 
animal (Chap. 11 Sec, 1J C i i i l  and the %Facb R  ̂ c e l l s  was determined 
(Chap. 11 Sec, 11 D i ) .  The numbers of  d i r e c t  and in d i re c t  PFC were 
enumerated (Chap, 11 Sec, J I  H iii) using as ta rg e t  c e l l s  the same type 
of  RBC used fo r  the secondary chal lenge.
A f t e r  3 days,  those animals which received a chal lenge dose o f  SRBC 
or the cross '-react ing antigen GRBC, showed a s i g n i f i c a n t  increase in 
the %Facb R^ c e l l s  and in the number o f  d i r e c t  and in d i r e c t  PFC' (Figure  
4 .6 ;  p< 0 .0 0 5 ) .  At th is  t ime, no s ig n i f i c a n t  change was observed in the 
%Facb R  ̂ c e l l s  or in the numbers of  d i r e c t  and in d i r e c t  PFC as a 
consequence o f  boosting the mice wi th  ChRBC. Thus, those mice boosted 
with  e i t h e r  SRBC or GRBC mounted a secondary response to these antigens  
and showed a s i g n i f i c a n t  increase in the %Facb R  ̂ c e l l s .  In c o n t ra s t ,  
those challenged w i th  ChRBC only mounted a primary response and showed 
no change in the %Facb R  ̂ c e l l s .  These resu l ts  in d ica te  tha t  the %Facb R* 
splen ic  lymphocytes increased as a re su l t  of  secondary immunization 
and not merely because o f  a nonvspecLfic e f f e c t  due to recent priming.
The observed increase in %Facb R  ̂ c e l l s  may have been re la te d  to the 
induction o f  igG synthesis or to the development o f  antigen s p e c i f i c  
memory c e l l s .  In order to determine which of  these two a l t e r n a t i v e s  
was c o r r e c t ,  1ipopolysaccharide (LPS) from Escherichia co l i  was 
used as an immunogen, LPS is a polyclonal  B c e l l  a c t i v a t o r  (PBA) which 
st im ula tes  B c e l l s  to produce both IgM and IgG (Anderson et  a l . ,  1972).
F igure 4 .6  E f fe c t  o f  the i d e n t i t y  o f  the c ha l le nging a n t i gen on %Facb 
splen ic  l ymphocytes in BALB/c mice
9
Mice were immunized w i th  10 SRBC and chal lenged w i th  e i t h e r  SRBC, 
GRBC (c ross - rea c t ing )  or ChRBC (non c r o s s - r e a c t in g ) ,  14 days l a t e r .
The %Facb R  ̂ splenic  lymphocytes and the numbers of  d i r e c t  and in d i rec t  
PFC were determined 0 and 3 days a f t e r  chal lenge (Chap.11 D i ; 11 H iii)
Results
A l l  resu l ts  are expressed as the mean + / -  1 standard d e v ia t io n .
ChalJengg XL %Facb Number of  PFC/1 0^ spleen cel 1 s_
anLigâD P r e e l I ndi rect
Day 0 Day 3 Day 0 Pay 3 Day 0 Day 3
Sheep 10 1 .8 * 0 .9 4 . U 1 . 2 * 360*118 2455 i  50^ 137*160 4 7 2 8 * 2 l 6 f
Goat 10 1 .820.9 3 .7 *1 .3 * 360+118 3859: 2612* 137*160 4515* 679
Chicken 10 1 .8 *0 .9
+
1.1+0 .6 3601118 686* 6 2 f 137+160 1481 13/
S t a t i s t i c a l  ana lys is  using_Student 's  t - t e s t  
*  p<0.005
  when compared wi th  day 0 values.
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i i i ) LPS as a n t i gen
Male BALB/c mice were immunized w i th  50^g LPS in 0.2ml PBS using 
the schedule described in Sec. l  D i (Figure 4 . 3 ) .  The numbers of  
d i r e c t  and in d i r e c t  anti -LPS PFC were enumerated using LPS^coupled 
SRBC (Chap. 11 Sec. 11 H iii ) ,  the %Facb c e l l s  was determined as 
described p rev ious ly  (Chap.11 Sec. 11 D i ) .
The %Facb R  ̂ c e l l s  showed a s l i g h t  increase on day 4 a f t e r  a s in g le  
i n j e c t io n  of  LPS and a lso  a f t e r  a second i n je c t io n  (Figure 4 .7 ;  ptO.O& ) .  
This increase was s i g n i f i c a n t l y  lower than tha t  observed a f t e r  secondary 
immunization w i th  SRBC (p <Q .00 l ) .  D i rec t  and in d i r e c t  PFC were enhanced 
a f t e r  both the f i r s t  and the second in jec t io n s  o f  LPS. However, the 
peak in d i r e c t  PFC response a f t e r  the second in je c t io n  was s ig n i f i c a n t l y  
lower (p<0.05) than th a t  a f t e r  a s in g le  in jec t io n .T h u s ,  the %Facb R  ̂
c e l l s  increased a f t e r  a s ing le  dose o f  LPS and the re fo re  did not 
requ ire  the development of  memory c e l l s .  Also,  the reduced peak PFC 
responce observed a f t e r  a second in je c t io n  o f  LPS suggests that th is  
antigen e i t h e r  leaves the c e l l s  r e f r a c to r y  to a second chal lenge or  
th a t  i t  does not e f f i c i e n t l y  e l i c i t  the development o f  memory c e l l s .
This would a lso suggest tha t  the observed increase in %Facb R  ̂ c e l l s  
is not dependent on an Ag s p e c i f i c  response, but merely on the production  
of IgG. Thus, experiments were performed in order to determine whether  
or not Facb R  ̂ c e l l s  play  a ro le  in IgG production.
(E) The e f f e c t  o f  Facb R  ̂ c e l l  de p le t ion  on the secondary immune response 
o f  adopjLively t ra n s fe r re d  splenic  lymphocyL&&
The experimental  protocol fo r  the adoptive t ra n s fe r  is shown in 
Figure 4 ,8 .  B r i e f l y ,  BALB/c mice were immunized wi th  ] SRBC ip.  Four-
9
teen days l a t e r  mice were chal lenged w i th  10 SRBC ip and then s a c r i f i c e d  
3 days l a t e r ,  s in g le  c e l l  suspensions being produced from t h e i r  spleens 
(Chap.11 Sec. 11 C i i i ) .  5 x 10^ Facb R  ̂ c e l l  depleted or 5 x 1 sham 
depleted lymphocytes were in jec ted  ip wi th 10 SRBC in naive re c ip ie n ts .
F i gure 4 .7  E f fe c t  o f  LPS on the %Facb sp len ic  l ymphocytes in BALB/c 
mice.
BALB/c mice were in jec ted  ip w i th  e i t h e r  0.2ml PBS or 50 g LPS 
in 0.2ml PBS. Fourteen days l a t e r  a l l  mice were given 50^g LPS in 0.2ml 
PBS ip .  Groups o f  mice were s a c r i f i c e d  by cerv ica l  d is lo c a t io n  on days 
0 ,2 , 3  and 4 a f t e r  the second i n j e c t i o n .  The spleens were removed and the 
s in g le  c e l l  suspensions obtained (Chap,11 Sec. 11 C i i i )  were used to 
determine the %Facb R  ̂ c e l l s  and the numbers o f  d i r e c t  and in d i r e c t  PFC 
(Chap. 11 Sec. 11 D i ;  11 H i j i ) .
Results
A l l  r e s u l ts  are expressed as the mean +/■? ] standard d e v ia t io n .  
Primary inj ec t io n
Day Ü %Facb Number o f  PFC/10^ spleen c e l l s
üire,c.t 1ndf rect
0 8 2 .0 * 0 . 9 2113:  342 869 * 573
2 10 2 . 1 ! 0 . 3 3049! 979 1 D8l 11 ai 5
3 10 2 . 611.2 4501+1618 475412968
4 10 3 . 2 t ] .2 * 320712493 243111331
Seconda ry i_Dlection
0 8 2.QtQ.9 1086? 383 2 6 a :  243
2 10 2.2+ 0.4 3332Î  1244 12111 888
3 10 3 . 1 : 2 . 0 4731:2202 197211853
4 10 3 . 3: 1 . 1* 252011214 146611210
S t a t i s t i c a l  anaJvsis usina Student *s t - t e s t
*  p<Q,05 compared w i th  the day 0 va lue .  
KEY
•  S ingle  in j e c t i o n  of  LPS 
A Two in je c t io n s  o f  LPS
1 4 1
-<o
















Figure 4 .8  Experimental protocol fo r  the adoptive t r a n s fe r  o f  splenic  
Male BALB/c mice were in jec ted  ip wi th  10^ SRBC in Q.2ml PBS.
9
Fourteen days l a t e r  they were challenged with  IQ SRBC in Q.2ml PBS ip.  
A f te r  3 days, the mice were s a c r i f i c e d  fay cerv ica l  d i s lo c a t i o n ,  t h e i r  
spleens removed and s in g le  c e l l  suspensions o f  splenic  lymphocytes were 
prepared (Chap.11 Sec. 31 C i i i ) .  Each suspension was div ided into two 
a l iq u o ts  one faeing depleted o f  Facfa R  ̂ c e l ls  fay separat ion o f  roset tes  
over F ico lK Paque  (Chap. 13 Sec. 3 3 D i ;  3 3 F i i ) .  and the other being 
'sham depleted*  fay roset t ing  w i th  non-sensit ized  CRBC. The c e l l s  at  the 
fauf f e r - F i  col 1 in te r fa c e  were harvested,  washed 3 times in PBS (3 Q. minutes;  
AOOg) and then in jec ted  ip in to  naive r e c ip ie n ts  (5 x 3 0.  ̂ c e l l s  in Q.2ml 
PBS) w i th  10 6RBC. Eight days a f t e r  t r a n s f e r ,  the r e c ip ie n ts  were 
s a c r i f i c e d  fay c e rv ic a l  d is lo c a t io n  and the numbers o f  d i r e c t  and in d i re c t  
PFC in s in g le  c e l l  suspensions of sp len ic  lymphocytes were determined 
(Chap.11 Sec. 11 H i i } .
ADOPTIVE TRANSFER
Day -1 4
10^ SRBC I . P .  IN 0 . 2  ml PBS
Day 0
1
lO^SRBC I . P .  IN 0 . 2  ml PBS
Day 3 SPLEEN CELLS
5 X  10 SHAM DEPLETED 
LYMPHOCYTES
1 0 ^  SRBC, I . P .
5 X  10 FacbR DEPLETED 
LYMPHOCYTES
1 0 ^  SRBC, I u P .
J
Day 8 SPLEEN CELLS
I
SPLEEN CELLS
PFC Facb PFC 
R o s e t t e s
F acb
R o s e t t e s
Control primary and secondary responses were a lso  performed. 5 x 1 0
1 4 4
6
lymphocytes from naive mice o r  from day 3 secondar i ly  chal lenged mice
9
were t ra n s fe r re d  into naive re c ip ie n ts  w i th  10 SRBC. Eight days l a t e r  
a l l  the mice were s a c r i f i c e d  and the numbers o f  d i r e c t  and in d i rec t  
PFC determined (Chap.11 Sec. 11 H i i ) . T h e  re s u l ts  are shown in F ig .  4 .9 ,  
Those mice in jec ted  wi th  naive c e l l s  (Group Al or w ith  c e l l s  which 
had been primed 3 days before t ra n s fe r  (Group Bj showed normal primary 
and secondary responses ( re s p e c t i v e ly !  to SRBC. Although those mice 
which received sham depleted lymphocytes (Group C) produced lower leve ls  
of  d i r e c t  and in d i re c t  PFC than those o f  Group B, th is  was not s a t i s t i c a l l y  
s i g n i f i c a n t .  Those mice which received Facb R  ̂ c e l l  depleted lymphocytes 
(Group D). produced s im i la r  level  a of  d i r e c t  and in d i re c t  PFC to Qroup 
B mice,  but a s ig n i f i c a n t l y  higher number o f  in d i r e c t  PFC (p<G.Q5l  
compared to Group C mice, i f  Group C is considered to he the true  
control  fo r  Group D (since the c e l l s  underwent s im i la r  experimental  
procedures before adoptive t r a n s f e r } ,  the r e s u l ts  appear to suggest that  
Facb R  ̂ c e l l s  l i m i t  the production o f  IgG. Since i t  has been shown that  
suppression of a humoral response may be mediated by Fc R present on 
the surface o f  lymphocytes (_see Chap.] Sec ] 1 D i i i l ,  experiments were 
designed to in v es t ig a te  the ro le  o f  the Facb R in such phenomena.
(F) The e f f e c t  o f  antigen s p e c i f ic  Facb on the secondary immune response
9
Groups of  BALB/c mice were immunized ip w i th  10 CRBC in CL.Zml
9
PBS. Fourteen days l a t e r  the mice were given ip in jec t io n s  of  ]Q
CRBC in 0.2ml PBS e i t h e r  alone or w i th  4/»g ra b b i t  Facb anti-CRBC
or 2^g rabb i t  IgG anti-CRBC. The mice were s a c r i f i c e d  before ,  and 3 days 
a f t e r  chal lenge by cerv ica l  d is lo c a t io n  and s in g le  c e l l  suspensions were 
prepared from t h e i r  spleens (Chap.Jl Sec. 11 C i i i l .  The %Facb R  ̂ c e l l s
(Chap.11 Sec. 11 D i )  and the numbers of  d i r e c t  and in d i re c t  PFC (Chap,
11 Sec. 11 H i i )  were determined.
Figure 4 .9  The e f f e c t  of  Facb c e l l  dep le t ion  on the secondary immune 
resDonse of a d o p t iv e ly  t ra n s fe r re d  sp len ic  l yrrjphocvtes
Naive mice were immunized w i th  10^ SRBC snd e i t h e r  naive ce l ls»  
c e l l s  from mice challenged 3 days previously»  Facb c e l l  depleted  
lymphocytes or sham depleted lymphocytes,
Results
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S t a t i s t i c a l  a n a ly sis usina Student^s t - t e s t  
D ire c t  PFC:
In d i rec t  PFC: p^^g<0.05; Pq^0<O-O5 
jtey
I#3  In d i re c t  PFC 
I I Oi rect  PFC
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F i g u r e  4 . 1 0  The e f f e c t  o f  a n t i gen s p e c i f i c  l a G and Facb on th e  s e c o n d a ry
immune response o f  BALB/c spleen c e l l s
BALB/c mice immunized w i th  CRBC were chal lenged w i th  CRBC alone or  
in conjunct ion w i th  CRBC s p e c i f i c  Facb or IgG. The %Facb R  ̂ splenic
lymphocytes aad the numbers o f  d i r e c t  and in d i re c t  PFC were determined
before and 3 days a f t e r  chal lenge.
Resu1ts
A l l  r e s u l ts  are expressed as the mean + / t one standard de v ia t io n .
Number t i f  PFX/IQ^ spleen c e l l s
_ %Fach 1n d i re c t D irect
Group n Day 0 Day 3 Day 0 Day 3 Day 0 Day 3
A CRBC 10 1. 4 t a . 4 3 . 1 * 1 . ] 147:75 2806.166a 23135 3531*1478
B Facb 10 1 .4 : 0 . 4 4 . 2 Î ]  .2 147*75 463*356 23:35 29* 61
C IgG 10 1 .4 : 0 . 4 4 . 0 : ] . 8 147*75 665: 56] 23:35 45O.Î 836
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The %Facb c e l l s  was s i g n i f i c a n t l y  increased on day 3 compared
with  day 0 in a l l  groups (F igure 4 . 1 0 ) .  The day 3 %Facb R  ̂ c e l l s  in 
those mice in jec ted  w i th  Ag+Facb (Group B) was s l i g h t l y  higher than 
th a t  in those mice in jec ted  w i th  Ag alone (Group A).. A l l  the
groups showed a s i g n i f i c a n t  increase in the number o f  d i r e c t  PFC on 
day 3 when compared with, day 0 va lues ,  only Group A mice produced 
s i g n i f i c a n t l y  higher numbers o f  in d i r e c t  PFC-(Figure 4 . 1 0 ) .  When 
compared to Group A, the day 3 PFC leve ls  in Groups B and C (those mice 
in jec ted  w i th  Ag+IgG) were s i g n i f i c a n t l y  reduced. Thus, these resu l ts  
in d ica te  tha t  inocu la t ion  o f  Ag s p e c i f i c  IgG or Facb concomitantly with  
the Ag s i g n i f i c a n t l y  reduces the number of  IgG and IgM secret ing c e l l s .  
This suppression could be due to Ag masking by the s p e c i f i c  IgG and Facb 
or to an a l t e r a t i o n  in the k in e t ic s  o f  the response. The former is un­
l i k e l y  since only very low leve ls  of  these prote ins were inoculated.
Also,  a s i g n i f i c a n t  increase in %Facb R  ̂ c e l l s  was observed on day 3 a f t e r  
challenge suggesting tha t  a secondary response had occurred.  However, a 
second experiment was performed (using CFLP mice) in which Group C mice 
were inoculated w i th  8rg F (a b )̂.2 anti-CRBC instead o f  IgG. The Facb and 
F (a b ' ) 2  were prepared from the same sample o f  ra bb i t  IgG anti-CRBC and 
the p ro te in  content o f  the Facb prepara t ion  was twice th a t  o f  the FCab')^  
s o lu t  io n .
Mice were s a c r i f i c e d  8 days a f t e r  chal lenge and the numbers of  
d i r e c t  and in d i r e c t  PFC per 10^ spleen c e l l s  were determined (Chap.11 
Sec. 11 H i i ) .  The re s u l ts  showed tha t  the presence of Ag s p e c i f ic  
F ( a b ')2  (Group C) w i th  CRBC in the second in je c t io n  had no e f f e c t  on 
the numbers o f  d i r e c t  and in d i r e c t  PFC e l i c i t e d  by Ag alone (Group A).
In c o n t r a s t ,  the presence o f  Facb considerably reduced both these 
parameters ( d i r e c t  PFC:p<0.02; in d i r e c t  PFC:p<0.02; Figure 4 , 1 1 ) .
These r e s u l ts  were obtained 8 days a f t e r  chal lenge.  Since the number o f  
i n d i r e c t  PFC reôched a peak by day 4 (Sec. 1 D i )  in mice chal lenged  
w ith  SRBC, i t  is u n l i k e l y  tha t  the suppression observed in th is  e x p e r i -
F igure 4.11 The e f f e c t  of  a n t i gen s p e c i f i c  Facb or F ( a b - ) 2 on the  
secondary immune response o f  CFLP spleen c e i l s
CRBC primed CFLP mice were chal lenged w i th  CRBC e i t h e r  alone of  
in conjunction with  antigen s p e c i f i c  Facb o f  F (a b ‘̂ )2 . The numbers of  
sp len ic  anti-CRBC in d i rec t  and d i r e c t  PFC were determined 8 days a f t e r  
c h a l 1enge.
Resu1ts
All  resu l ts  were expressed as the mean +/-r one standard d e v ia t ion
Group n Number of  PFC/10^ spleen c e l l s
I n d i re c t  Di rect
A 5 2322± 881 16411 883
B 5 8 4 7 ^ 3 5 9  779± 117
C 5 1784+ 505 1553Î  602
S t a t i s t i c a l  analys is  using Student^s t - t e s t
D i re c t  in d i r e c t
p (AvB) NS < 0 .0 2
p (BvC) < 0.05 < 0 ,0 2
p (AvC) NS NS
KEY
















ment was due to a l t e r a t i o n  in the k in e t ic s  o f  the secondary response. 
A lso,  since no suppression was observed when FCab’ )^ was added a t  the 
t ime of chal lenge,  a n t igen ic  masking was probably not occuring.
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C H A F T E R V
1 N C T 1 0 N A L S T U D 1 E S 0 F T H E
F A C B  R"̂ C E L L I N H U M A N S
S E C T 1 0 N 1
Response o f  Facb c e l l s  to an t igen ic  s t im ula t ion
(A) In troduct i on
Winrow (1982) reported the f ind ings  of pre l im inary  experiments 
using the Tine te s t  which suggested that an increase in the %Facb R* 
per iphera l  blood lymphocytes could be induced by a n t igen ic  chal lenge  
in immune in d iv id u a ls .  Experiments were performed to substan t ia te  th is  
f i n d in g .
(B) The e f f e c t  of  a Tine te s t  on the %Facb R  ̂ periphera l  blood I vmphocvtes
A group of heal thy contro ls  were given a Tine te s t  (a skin te s t  
fo r  Mycobacterium tuberculos\Q re la ted  antigens using tu b e r c u l in ) .
Samples o f  venous blood were taken before the skin te s t  and on 1 , 2 , 3 , 4  
and 7 days t h e r e a f t e r .  A to t a l  white  c e l l  count and a d i f f e r e n t i a l  count 
(Chap, 11 Sec. 11 C iv )  were performed on each sample and the %Facb R* 
c e l l s  determined (Chap, 11 Sec, 11 D i ) ,  The response to the skin te s t  was 
recorded on day 3 and the subjects were grouped as e i t h e r  p o s i t iv e  
or negat ive .  Only 3 of  the 1J contro ls  showed no response to the skin t e s t .  
The e ig h t  in d iv id u a ls  who had a p o s i t iv e  skin response, showed a s ig n i f i c a n t  
increase in the mean number of  Facb R  ̂ per iphera l  blood lymphocytes 
by day 2 a f t e r  chal lenge (p<Q,Q5)  which peaked on day 3 Cp<Q,02 ) .
The mean number of  Facb R  ̂ c e l l s  had returned to control  leve ls  by 
day 7» Thus, these re s u l ts  appear to confirm the pre l im inary  
observations o f  Winrow (.1982), However, the group of  skin tes t  negat ive  
in d iv id u a ls  had a higher i n i t i a l  mean number of  Facb R  ̂ c e l l s  compared 
w ith  the skin te s t  p o s i t iv e  group (although th is  may have been due to
F i gure 5»1 The e f f e c t  of  a skin te s t  fo r  Mycobacterium tuberculosum 
associated a n t i gens on the number of  Facb pe r i pheral  blood 1ymphocytes.
Healthy contro ls  were given a Tine t e s t .  The number o f  Facb R* 
per ip hera l  blood lymphocytes was determined before the skin te s t  and on 
days 1 , 2 , 3 , 4  and 7 t h e r e a f t e r .
f ë su l ts
A l l  re su l ts  are expressed as the mean + / -  standard d e v ia t io n .  
Dav jn Number of  Facb R  ̂ c e l l s  (xIO ^) /ml blood 
Skin te s t  nega t i v e
0 3 9 . 4 1  1,7
1 3 3 . 8 1 0 . 6
2 3 6 . 7 1 6 . 7
3 3 10. 41  2 .5
4 3 11.21 6 .4
7 3 7 . 61  3.1
Skin te s t  p o s i t iv e
0 8 4 .04 2 ,2
1 6 6.01 2 ,9
2 6 12,21 8 . 1*
3 8 2 0 .2 1 1 0 .4 * *
4 5 11.5110,4
7 7 6 .01 3 .8
S t a t i s t i cal  ana lys is  using Student 's  t - t e s t
*  p<0.05!
* *  p<0 .002
#  Skin te s t  negat ive
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the small sample s ize  o f  tke skfn te s t  negative  group! which might 
exp la in  the apparent lack of  increase o f  Facb c e l l s  in these 
in d iv id u a ls ,
In order to examine the response o f  these c e l l s  in in d iv id u a ls  
already  undergoing an inflammatory response, the experiment was repeated 
using a group of pa t ien ts  w i th  a c t iv e  RA. Only 2 of  the 9 p a t ien ts  
tested showed p o s i t iv e  skin responses to  the Tine t e s t .  The resu l ts  
show th a t  a s i g n i f i c a n t  decrease in the mean value of  the number of  
Facb R"*” c e l l s  in nonrimmune in d iv id u a ls  occurred 3 days a f t e r  the 
skin te s t  ( p < 0 , 0 5 ;  Table 5 , 1 ) .  Since only 2 ind iv idua ls  showed a 
p o s i t i v e  response i t  was not possible  to analyse the re su l ts  s t a t i s t i c a l l y .  
However, the mean day 0 and day 3 values were very s im i l a r .  A l l  the 
p a t ie n ts  studied were on non-s tero ida l  anti -r inf lammatory drugs a t  the 
t ime o f  skin te s t in g  and were on bed rest  during the 4 days of  the t r i a l .  
The s ig n i f i c a n t  decrease in the number of  Facb R  ̂ c e l l s  seen in the non­
responder group was probably due to the e f f e c t s  o f  chemotherapy and bed 
rest  ra the r  than to the skin t e s t .  I f  th is  supposit ion is t r u e ,  the lack  
of  decrease in those 2 p a t ien ts  who had p o s i t iv e  skin responses was 
probably due to a n t ig e n ic  chal lenge in immune in d iv id u a ls .  Both of  these  
p a t ie n ts  (&nd one ind iv idua l  in the non^responder group) could re ca l l  
having been immunized against tubercu los is  a t  least 20 years prev ious ly .  
C l e a r l y ,  more work is required to confirm these resu l ts  but the p re l im inary  
in v e s t ig a t io n  suggests tha t  Facb R  ̂ c e l l s  in pa t ien ts  w i th  RA respond 
to a n t ig e n ic  chal lenge in a s im i la r  way to those in control  subjects .
Since i t  was necessary to perform in v i t r o  func t iona l  studies  
the phenomenon of  antigen induced Facb R^ c e l l  p r o l i f e r a t i o n  observed 
in v ivo  was examined in v i t r o  using the p u r i f i e d  pro te in  d e r iv a t i v e  
o f  tu b e rc u l in  (PPD) and c e l l s  from those control  subjects who had 
shown a p o s i t iv e  skin te s t  response, Lymphocyte suspensions in RRMI l640
Table 5 ]  The e f f e c t  of  a skin te s t  fo r  Mycobacterium tuberculosum 
associated a n t i gens on the number o f  Facb per iphera l  blood 
lymphocytes in pa t ien ts  w i th  RA
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Skin te s t  response n Number o f  Facb R  ̂ c e l l s  (xIO ^) /ml blood
(Mean + y - S.D.)
Dav 0 Day 3
Posi t i v e 2 2 1 .4 * 1 4 .9 2 2 , 316.2
Negative 7 18 .61  8 .8 8 . 916 . 5*
S t a t i s t i c a l  a n a l y s is  u s i n a S tu d e n t 's  t - t e s t  
*  p<0.05
1 5 8
were prepared as described previously  (Chap, JJ Sec, JJ C i i ) ,
One X 10^ c e l l s  in J ml of  medium were cul tured In each well  o f  a 
f l a t -bo t tom e d  t issue  c u l tu re  p la te  (24 wel ls  /  p la te ;  Nunc) a t  37°C 
in a humidif ied atmosphere o f  95% a i r  /  5% CO^, To each well  was 
added e i t h e r  various concentrat ions of  PPD in 10^1 of  medium or 1(^1 
o f  medium a lone.  The p la tes  were cultured fo r  0 ,2 ,3  or 4 days, the c e l l s  
washed and the %Facb c e l l s  determined (Chap. 11 Sec. 11 D i ) .  
Pre l im inary  experiments showed tha t  50 ^g/ml PPD produced an optimal  
increase in the %Facb R"*" c e l l s  and th is  concentrat ion was used in a l l  
subsequent experiments.
Those c e l l s  cu l tu red  alone showed a decrease in the %Facb R  ̂ c e l l s  
which was s t a t i s t i c a l l y  most s ig n i f i c a n t  on day 4 ( p < 0 .05;  Figure 5 . 2 ) .  
In c o n t ra s t ,  the PPD st imulated cu l tures  showed a s ig n i f i c a n t  increase  
in the %Facb R  ̂ c e l l s  on day 3 Cp< 0 .0 0 5 ) .  Thus, an increase in the %Facb 
R  ̂ c e l l s  from heal thy ind iv idua ls  previously  immunized in v ivo can be 
induced by incubation w i th  PPD in vi t r o , Since these c e l l s  appear to 
respond in v i t r o  to an a n t igen ic  stimulus in a s im i la r  way to that  
observed in v i v o , i t  is f e a s ib le  that they may be st imulated ( e i t h e r  by 
mitogens or by ant igens) in v i t r o  to perform those functions  which 
they normally perform in v ivo .
F i g u r e  5 . 2  The e f f e c t  o f  i n  v i t r Q  c u l t u r e  w i t h  PPD on th e  %Facb c e l l s
One X 10^ lymphocytes were cu l tured  In v i t r o  alone or w i th  
50^g/ml PPD. The %Facb R  ̂ c e l l s  were estimated before c u l tu re  and on 
2 ,3  and 4 days t h e r e a f t e r .  Al l  re su l ts  are corrected fo r  v i a b i l i t y  
and are expressed as the mean + / -  standard d e v ia t io n .
Results
Day _n %Facb R^ c e l l s
Control Test
No PPD 50^0 PPD/ml
0 7 1.73 1.5 1 .711 .5
2 7 1 . I f  1.1 I .QtQ.S
3 7 1 .4+0.8  4 ,6 + 1 .0 *
4 7 0 .310 .5  2 , 710. 8*
S t a t i s t i c a l  a n a l y s is  u s i n g S tu d e n t 's  t - t e s t  
*  p<0.0Q5
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S E C T I O N  1 1
The în  v i t r o  e f f e c t  o f  m i t o gens on Facb c e l l s
(A) In troduct i on
Mitogens are commonly used to in v es t ig a te  T and B c e l l  a c t i v i t y  
Many workers have shown prev ious ly  tha t  nul l  c e l l s  do not p r o l i f e r a t e  
in response to mitogen s t im u la t io n  although they do enhance blastogenesis  
in other  subpopulat ions in the c u l tu re s  (Horwitz and G a r r e t t ,  1977; 
Despont, Steimer and Banderet, 1981; Lobo, 1981; Caraux e t  a l . ,  1982).  
They have a lso  been shown to enhance I g synthesis in a PWM st imulated  
system (Lobo,1981).  Thus, the e f f e c t  o f  mitogens on Facb c e l l s  was 
i n v e s t ig a te d .
(B) The e f f e c t  o f  m i togens on Facb R~*~ c e l l s
i ) The in v i t r o  e f f e c t  of  pokeweed mitogen and T c e l l  growth fa c to r  on 
the %Facb R  ̂ c e l l s
Lymphocyte suspensions were obtained from healthy  volunteers  and 
from p a t ie n ts  w i th  a c t iv e  RA as described previously  (Chap.Jl Sec .11 C i i )  
To each wel l  o f  a 24 wel l  f la t -bot tom ed t issue  c u l tu re  p la te  (Nunc) 
conta in ing 1 x 10^ lymphocytes in 1ml RPMI l640 was added e i t h e r  100^1  
medium, lOOjil PWM ( f i n a l  concentrat ion in the w e l l ;  1/40)  or  100^1 
T c e l l  growth fa c t o r  (TCGF; a soluble  product from Concanavalin A 
stimulated lymphocytes which is capable o f  supporting the long term 
growth o f  T c e l l s  in v i t r o ;  reviewed by Watson and Mochizuk i , 1980).
The p la tes  were incubated a t  37°C in a humidif ied  atmosphere of  95% a i r /  
5% CO2 . A f t e r  3 days,  the to t a l  number of  v ia b le  Facb R  ̂ c e l l s  in each 
well  was calcuUted (Chap. 11 Sec .11 D i i ) .
The re s u l ts  show that  n e i th e r  PWM nor TCGF caused p r o l i f e r a t i o n  
of  Facb R  ̂ c e l l s  (Table 5 2 ) .
T a b le  5 . 2  The e f f e c t  o f  PWM and TCGF on Facb c e l l s
1 6 2
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i i ) The e f f e c t  o f  Facb c e l l  deple t ion  on mitogen induced b la s to genes is
Although Facb R  ̂ c e l l s  were not s t imulated by mitogens i t  was possible  
th a t  they might enhance mitogen induced blastogenesis in other  c e l l s .  
Per ipheral  blood lymphocytes were obtained from healthy volunteers and 
from pa t ien ts  wi th  a c t iv e  RA as described previously  (Chap.11 Sec. 11 
C i i ) .  Cultures conta in ing various concentra t ions  of  Concanavalin A 
(Con A),  Phytohaemagglutinin (PHA), or Pokeweed mitogen (PWM) were 
prepared (Chap.11 Sec 11 G) and incubated a t  37^C in a humidif ied  
atmosphere of  95% a i r /5 %  CO^. in some c u l tu r e s ,  lymphocyte suspensions 
were separated into 2 a l iq u o ts  one of  which was depleted of  Facb R  ̂ c e l l s  
(Chap.11 Sec. 11 F i i )  w h i ls t  the other was subjected to a sham deplet ion  
by ros e t t ing  w i th  unsensi t ized CRBC. Mitogen induced p r o l i f e r a t i o n  was 
measured by t r i t i a t e d  thymidine incorporat ion as described previously  
(Chap. 11 Sec. 11 G ) .
The re su l ts  show tha t  mitogen st imulated t r i t i a t e d  thymidine  
incorporat ion was unaffected by Facb R  ̂ c e l l  dep le t ion  in both rheumatoid
and control  subjects (Tables 5.3  and 5 .4 1 .  Thus, Facb R  ̂ c e l l s  do not
enhance mitogen induced blastogenesis in other lymphocyte subpopulat ions.
( C) The e f f e c t  of  Facb and F ( a b ' )  ̂ on in v i t r o  I g synthes i s
Mononuclear c e l l s  from healthy contro ls  and pa t ien ts  w i tb  a c t iv e
RA were obtained by c e n t r i f u g a t io n  through FicolWPaque CChap.ll Sec. 11 
C i i ) .  Cultures were prepared as described prev ious ly  (Chap, 11 Sec. 11 
H i ) .  Each well  was supplemented wi th  e i t h e r  10^1 Facb (̂ f i nal concentrat ion  
^ g / m l  ) , 10^1 F(.ab^ 2  ( f i n a l  concentrat ion $ysg/mll  or 1 (^1 medium 
RPMI 1640. The Facb and FCab')^ were produced from the same preparation  
of  ra bb i t  IgG anti-CRBC and the concentrat ion o f  Facb used was the 
same as that used to form Facb roset tes w i th  1 x 10^ lymphocytes. The c e l l s  
were incubated fo r  14 days as described prev ious ly  (Chap.11 Sec. 11 H i )  
and the supernatants were assayed for  IgG production by an enzyme l inked
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T a b le  5 . 3  The e f f e c t  o f  Facb c e l l  d e p l e t i o n  on t h e  m i to g e n  responses
of control  1ymphocv tes
*3Mitogen n H-thymidine incorporat ion (cpm; mean sd)
+ Facb c e l l s   ̂ Facb c e l l s
Con A 100 8 937*1060 642* 392
50 8 252111981 2265*1682
10 8 2249*1966 1121* 645
PHA 5 8 3768*1918 3442*1901
1 8 4953*2508 4129*1324
0 .2  8 4313*2684 3196*126?
PWM 1/20 4 1348* 349 1602*  658
1/40 8 1 0 4 9 *2 5 2  1475*451
1 / 2 0 0  6 1 5 0 4 ^ 8 7 6  7 8 0 + 600
*  3
H-thymidine incorporat ion for  each c u l tu r e  was determined from the 
equation :
Counts per minute (cpm) mitogen st imulated c e l l s  cpm c e l l s  alone.
S t a t i s t i c a l  ana lys is  using Student 's t - t e s t
A l l  the re su l ts  were analysed using Student's t ^ t e s t .  There was no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe re n c e  between those cu l tures  lacking  
Facb R^ c e l l s  and those conta ining them.
1 6 5
Table S .4 The e f f e c t  o f  Facb R^cell dep le t io n  on the mitogen responses
of  rheumatoid I vmphocvtes
Mitogen n ^H-thymidine incorporat ion  (cpm; mean sd)
+ Facb R  ̂ c e l l s  -  Facb R  ̂ c e l l s
Con A 100 6 2966^3406 3451:3221
50 6 3915^3324 4159^2360
10 6 3207:2564 3084? 3800
PHA 5 6 2451?1358 3Q54?3136
1 6 3673:2318 4453:3787
0 .2  6 2488?1110 2371?1466
PWM 1/20 6 2415?1862 2291?1385
1/40 6 2936:3371 2196: 1621
1/400 6 4 l4 2 t 5 l6 8  2880?3269
1/2000 6 2645^3572 807?l68?
*3
H - t r i t i a t e d  thymidine incorporat ion fo r  each c u l tu re  was determined 
from the equation:
Counts per minute [cpml mitogen st imulated c e l l s  -  cpm c e l l s  alone.
S t a t i s t i c a l  anal vs is us ina Student 's t - t e s t
No s t a t i s t i c a l  d i f f e r e n c e  was observed between those cu l tures  
conta in ing Facb R  ̂ c e l l s  and those w i thout these c e l l s .
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immunosorbent assay (ELISA; Chap. 11 Sec. 11 H i i ) .
The re s u l ts  show th a t  the presence of Facb in control  cu l tu res  
s i g n i f i c a n t l y  decreased the amount of  PWM induced IgG (p < 0 .0 5 ) ,  w h i ls t  
F (ab ' ) 2  had no e f f e c t  (Table 5 . 5 ) .  In c o n t ra s t ,  there was no s t a t i s t i c a l  
d i f fe r e n c e  between the leve ls  of  IgG produced in any of  the cu l tu res  
of rheumatoid c e l l s .  However, the amount of  IgG produced in those cu l tu res  
conta in ing Facb was much less than those conta ining PWM alone.  This 
d i f fe r e n c e  did not reach s ig n i f ic a n c e  owing to the large standard 
devia t ions  observed wi th  the rheumatoid c e l l s .  Also,  the amount o f  IgG 
produced by rheumatoid c e l l s  st imulated with  PWM alone was lower than 
that  produced by contro l  c e l l s  (al though not s i g n i f i c a n t l y  lower) .  I t  is 
f e a s ib le  tha t  i f  Facb c e l l s  are capable o f  suppressing IgG production  
(as suggested by the re su l ts  wi th  control  c e l l s ) ,  these c e l l s  in 
rheumatoids may have been a c t iv a ted  in v ivo (possibly by immune complexes) 
and hence were r e l a t i v e l y  r e f r a c t i v e  to f u r t h e r  s t im u la t ion  by Facb in v i t r o .  
C le a r ly ,  many o f  these problems would be resolved by repeating these 
experiments on a la rge r  number of  pa t ien ts  and c ontro ls .
T a b l e  5 . 5  The e f f e c t  o f  Facb and F ( a b ' ) n on t h e  pokeweed m i t o gen
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S t a t i s t i c a l  a n a l y s i s  u s i n g S tu d e n t 's  t - t e s t  
*  p (0 .05  (PWM+Facb compared w i t h  PWM alone)
The r e s u l t s  a re  expressed as Wei ta* values i . e .
ijpmunoglobul tn in t e s t  c u l t u r e  -  I g in c o n t ro l
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C H A P T E R  V ]
CLINICAL STUDIES OF FACB R'*' CELLS IN RHEUMATOID ARTHRITIS
S E C T I O N  1
Facb R  ̂ c e l l s  in e a r l y rheumatoid disease
(A) in t roduc t ion
Winrow (1982) has prev ious ly  shown that in a cross-sect ional  
study of  rheumatoid p a t ien ts  there was no c o r re la t io n  between the  
%Facb R  ̂ c e l l s  in the per iphera l  blood and disease a c t i v i t y .  This 
study did not in v e s t ig a te  th is  r e la t io n s h ip  in d i f f e r e n t  disease  
c a te g o r ie s ,  nor did i t  take into  account the inherent v a r ia t io n  of  
%Facb R  ̂ c e l l s  between in d iv id u a ls .  Thus, a longi tudina l  study was 
undertaken to in v e s t ig a te  the v a r i a t i o n  in %Facb R  ̂ c e l l s  w i th  the 
development of  rheumatoid disease.
(B) Ear ly  rheumatoid a r t h r i t i s  study
i 1 I n v e s t i ga t ion  of  contro l  leve ls  of  Facb R  ̂ c e l l s
A group of  17 heal th y  control  subjects were bled at  regular  
i n t e r v a ls  over a period o f  one year .  On each occasion,  the %Facb R 
per iphera l  blood lymphocytes was determined (Chap. 11 Secs. 11 C i i ;
11 D i i ) .  The mean %Facb R  ̂ c e l l s  in control  peripheral  blood was 
determined from these results and was found to be 2.4% with  a standard 
d e v ia t io n  of  1.5% (F igure 6 . 1 ) .  Twelve of  these subjects were used to  
in v es t ig a te  the v a r i a t i o n  of  %Facb R  ̂ c e l l s  w i th  time in co n tro ls .  Al l  
twelve were bled on the same day and subsequently a f t e r  4,  21 and 22 
weeks. However , i f  any o f  them had any form o f  in fec t ion  (e i t h e r  on 
the day of  bleeding or w i th in  a week before or a f t e r  bleeding) t h e i r  
re s u l ts  were not included, I t  was found that there was no s ig n i f i c a n t  
v a r i a t i o n  in the percentage o f  control  Facb R  ̂ per ipheral  blood 
lymphocytes over the period studied (Figure 6 . 1 ) .
F i g u r e  6 .J  I n v e s t i ga t i o n  o f  c o n t r o l  l e v e l s  o f  Facb r o s e t t e  f o r m i n g c e l l s
A group of  17 contro l  subjects were studied over a period of  1 
year.  The %Facb c e l l s  fo r  each control  were used to determine the  
control  mean and standard d e v ia t io n .  Also s e r ia l  observations were made 
on a group of in d iv id u a ls  showing the v a r i a t i o n  over a period of  1 week,  
1 month and 5 months in the contro l  mean %Facb R  ̂ per iphera l  blood 
1ymphocytes.
Results
Tota l  %Facb R V a r i a t i o n  in %Facb R 
WEEK
Q 4 21 22
n 63 12 8 10 11
X 2 .4 2 .7 2.1 2 .5 2 .7
sd 1 .5 2 .0 1 .2 1.4 1.7
S t a t i s t i c a l  anal  vs is  us i n g th e  anal v s is o f  v a r i a n c e  (ANOVAR) t e s t
The ' F '  va lu e  c a l c u l a t e d  from these r e s u l t s  was not s i g n i f i c a n t  
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î î ) A study of  Facb c e l l s  in e a r ly  rheumatoid disease  
Selection  of  pa t i e n t s
L e t te rs  were sent to  local  General P r a c t i t io n e r s  announcing the 
format ion of  a c l i n i c  to in ves t ig a te  the development of  rheumatoid 
disease.  They were requested to r e fe r  to th is  c l i n i c  any pa t ien ts  
present ing wi th  non-spe c i f ic  j o i n t  pains of  not more than 3 months 
d u ra t io n .  The pa t ien ts  were assessed on t h e i r  f i r s t  v i s i t  and were 
given subsequent appointments o f  e i t h e r  1 week, 1 month or 3 months 
depending on the s e v e r i ty  of  t h e i r  symptoms. A l l  appointments were 
given w i th  the proviso tha t  should the p a t ie n t  fe e l  worse at  any t ime,  
they could telephone fo r  an e a r l i e r  appointment.  Thus, between regular  
v i s i t s  i t  can be assumed that  the c l i n i c a l  s ta te  o f  each p a t ie n t  e i t h e r  
remained s t a t i c  or improved.
C l in ic a l  assessment
This was performed by Drs. D. Blake and R. Waterworth (Royal 
National  Hospital  fo r  Rheumatic Diseases, Bath ).  Assessment depended 
on the p a t ie n ts  own report  o f  t h e i r  c l i n i c a l  s t a t e  and on c l i n i c a l  
evidence of disease a c t i v i t y  (such as the number o f  j o i n t s  showing 
evidence of  s y n o v i t i s ) .  The p a t ien ts  were categor ized  as e i t h e r  sero^ '  
p o s i t i v e ,  sero-negative  or pal indromic RA, t r a n s ie n t  p o ly sy n o v i t is ,  
R e i t e r ' s  syndrom^ polymyalgia rheumatica or o s te o ar th ro s is .
The highest percentage Facb roset tes  observed in th is  study was 
w i th in  6 times the upper l i m i t  of  control  leve ls  (mean + 2 standard 
d e v ia t io n s ) .  Thus, in order to compare the disease a c t i v i t y  of  pa t ien ts  
w i th in  any diesase category w i t h  the s e r ia l  r e s u l ts  o f  %Facb ro s e t te s ,  
the c l i n i c a l  assessment fo r  eacfji p a t ie n t  was expressed on a scale from 
0-5 ( i e  from no disease a c t i v i t y  to extremely a c t iv e  erosive d isease) .
One hundred pa t ien ts  were i n i t i a l l y  included in th is  study,  38 of  
whom e i t h e r  f a i l e d  to at tend fo r  subsequent appointments or were re fe rred  
elsewhere since t h e i r  symptoms were not re la ted  to rheumatoid disease.
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The c o r r e l a t i o n s  between %Facb c e l l s  and d isease  a c t i v i t y ;  plasma 
v i s c o s i t y  and d isease  a c t i v i t y  and %Facb R^ c e l l s  and serum IgG were 
in v e s t i g a t e d  in each d isease  ca teg o ry .
Results
The re s u l ts  show tha t  the %Facb R  ̂ c e l l s  corre la ted  s i g n i f i c a n t l y  
with c l i n i c a l  assessment of  disease a c t i v i t y  (CA) in a l l  disease  
categor ies  except pal indromic RA (PRA) and osteoar thros is  (OA),
(Figures 6 . 2 ,  6 . 4 ,  6 , 5 ; 6 . 6  and Table 6 . I ) ,P lasma v is c o s i ty  (commonly
used as a laborato ry  parameter fo r  disease a c t i v i t y  in RA) cor re la te d
s i g n i f i c a n t l y  w i th  CA only in the s ero -p o s i t iv e  RA (RA^) group (Table  
6 .1 ,  Figure 6 . 3 ) .  This c o r r e la t io n  was not as s ig n i f i c a n t  (p<0.05) as 
the c o r r e la t io n  o f  %Facb roset tes with  th is  parameter (p < 0 .0 0 l ) .
The lack o f  c o r r e la t io n  between %Facb R  ̂ c e l l s  and CA in the OA 
group confirms the observations o f  H a l l ,  Winrow and Bacon (1980) which 
showed that  these c e l l s  were not raised in pa t ien ts  wi th  th is  disease.
The lack of  c o r r e la t io n  in pa t ien ts  with  PRA probably resu l ts  from the 
nature of  the disease i t s e l f  in th a t  pa t ien ts  who had high leve ls  o f  
Facb R  ̂ c e l l s  but were assessed to have very l i t t l e  disease a c t i v i t y ,  
often  had exacerbations o f  t h e i r  disease ju s t  p r io r  to ,  or immediately 
a f t e r  t h e i r  hospi ta l  appointment (Table 6 . 2 ) .  This suggests tha t  a study 
of  the %Facb R  ̂ c e l l s  in these pa t ien ts  may help to ind ica te  when an 
exacerbat ion o f  the disease was going to occur. This obviously requires  
fu r t h e r  in v e s t ig a t io n ,
The observations (reported in Chapters 4 and 5 of  th is  thesis) tljiat
Facb R  ̂ c e l l s  were involved in suppression of IgG synthesis provoked the
in v es t ig a t io n  o f  the re la t io n s h ip  between %Facb R  ̂ c e l l s  and serum IgG 
in rheumatoid p a t ie n ts .  However, no c o r re la t io n  was found between these  
two parameters in t h is  study (Table 6 . 1 ) .
Thus,  these  r e s u l t s  i n d i c a t e  t h a t  l e v e l s  o f  Facb R^ c e l l s  above 
the normal range a re  an i n d i c a t i o n  o f  a c t i v e  rheumatoid d is e a s e .  However,
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Table 6.1 Corre la t ion  between lab o ra to ry parameters and c l i n i c a l  
assessment of  disease a c t i v i t y  in e a r l y RA
Disease C o r r e l a t i o n  c o e f f i c i e n t s
Category FACBvCA VtSCvCA FACBvIgG
RA"̂ 0 . 6 f 0 . 2 ^ * * * ”0.18
RA" o . y f 0.29 0.40
TPS 0.10 -0 .1 9
Rei t e r s 0 . 7 f * 0.22 0.36
PMR o . y f 0.18 0.29
PRA -0 .0 2 - 0 . 18 -0 .1 3
OA 0.37 0.03 -0.41
S t a t i s t i c a l  analys is
The s ig n i f ic an ce  o f  the c o r r e la t io n  c o e f f i c i e n t s  Cr) was determined 
using the equation
t  = _r _ -  1
where n is the number of  observations used to  c a lc u la te  r and t is the 




' *  p<0.05
RA+/" Sero -  p o s t i v e / n e g a t i v e  RA
TPS T r a n s i e n t  p o l y s y n o v i t i s
Rei t e r s R e i t e r ' s  syndrome
PMR Polymyalg ia  rheumatica
PRA Pal indrom ic  RA
OA O steoar thros  i s
V i s e Plasma vi  scosi ty
CA C l i n i c a l  assessment
F i g u r e  6 . 2  C o r r e l a t i o n  between c l i n i c a l  assessm ent  and %Facb c e l l s
in p a t ie n ts  with  s e ro -p o s i t iv e  RA
The f ig u r e  shows a s c a t t e r  diagram of  %Facb R  ̂ c e l l s  against  
c l i n i c a l  assessment.
Results
Linear regression ana lys is  showed tha t  the data f i t  the s t r a ig h t
l in e :
y s  1.1 + 2 , 9x 
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F i g u r e  6 . 3  C o r r e l a t i o n  between c l i n i c a l  assessm en t  and p lasma v i s c o s i t y
in pa t i e n t s  w i th  s e ro - p o s i t i v e  RA
The f ig u r e  shows a s c a t t e r  diagram of  plasma v is c o s i t y  against  
c l i n i c a l  assessment.
Results
Linear  regression analys is  showed tha t  the data f i t  the s t r a ig h t
l in e :
y s  1.8  + O . lx  














F i g u re  6 . 4  C o r r e l a t i o n  between c l i n i c a l  assessment  and %Facb c e l l s
in pa t i e n t s  w i t h  sero-^negat ive  RA
The f i g u r e  shows a s c a t t e r  diagram o f  %Facb c e l l s  a g a in s t  
c l i n i c a l  assessment.
Results
L in e ar  reg ress io n  a n a l y s is  showed t h a t  the data  f i t  the s t r a i g h t
l i n e :
y a  2 , 2  + 2,  2x 
w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 7 0 .
K£Y
•  A s i n g l e  r e s u l t














F i gure 6 .5  C o r r e l a t i o n  between c l i n i c a l  assessment and %Facb c e l l s  
in p a t i e n t s  w i t h  t r a n s i e n t  d o ! y_§v n o v i t i s  and R e i t e r ' s
syndrome
The f ig u re s  show s ca t te r  diagrams of %Facb c e l l s  against c l i n i c a l  
assessment.
Results
Linear regression analys is  showed that  the data fo r  pa t ien ts  wi th  
t ra n s ie n t  po ly syn o v i t is  f i t  the s t r a ig h t  l i n e :
y 5 1 . 8 +  2 . Ix
with  a c o r r e la t io n  c o e f f i c i e n t  
of  0 ,58 ,  The data fo r  those pa t ien ts  w i th  R e i t e r 's  sundrome f i t  the 
s t r a ig h t  l i n e :  y 1,4 + 2,6x
w i th  a c o r r e la t io n  c o e f f i c i e n t  o f  0 ,74 ,
KEY
•  A s in g le  re s u l t
#  More than one re s u l t  a t  tt iat va lue .


























n a ure 6 .6  C orre la t io n  between c l i n i c a l  assessment and %Facb c e l l s  
i n pa t ien ts  wi th po lvmv a 1 a ia  rheumatica
The f ig u re  shows a s c a t t e r  diagram of %Facb R  ̂ c e l l s  against  c l i n i c a l  
assessment,
Results
Linear regression ana lys is  showed tha t  the data fo r  pa t ien ts  with  
polymyalgia rheumatica f i t  the s t r a ig h t  l in e :
y =  2 ,3  + 2 .7x
wi th a c o r r e la t io n
c o e f f i c i e n t  of  0 .72 ,
K|y
•  A s ing le  re s u l t
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T a b le  6 . 2  The r e l a t i o n s h i p  between %Facb c e l l s  and d i s e a s e  a c t i v i t y
in pal Indromic RA
P at ie n t  Date %Facb Comment
DW 11/ 6 /80  8 Exacerbation 12 days e a r l i e r  las t ing  6
days. No evidence o f  disease a c t i v i t y  
on 11/ 6/ 8 0 .
GH 29/ 1/80 7 Exacerbation 10 days e a r l i e r  las t in g  7
days.  No evidence o f  disease a c t i v i t y
on 29/ 1/ 8 0 .
CG 11/ 12/80 17 Exacerbation 7 days e a r l i e r  las t ing  4
days. No evidence of  c l i n i c a l  a c t i v i t y
on 11/ 12/ 8 0 .
HF 10/ 11/80 12 C l in ic a l  evidence of  disease a c t i v i t y
on 1 4 /11 /8 0 .
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since the base level  o f  these c e l l s  v ar ie s  considerably  (normal range 
0 -  5%); any information about the progression o f  the disease in one 
ind iv idua l  may only be gained by a s e r ia l  study o f  %Facb c e l l s .
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The e f f e c t  o f  D t P e n i c i l l a m i n e  on %Facb c e l l s
(A) In troduct ion
I t  has been shown tha t  the %Facb R  ̂ c e l l s  var ies  w i th  disease  
a c t i v i t y  in e a r l y  RA, I t  has not been establ ished whether such a 
re la t io n s h ip  e x is ts  in p a t ie n ts  w i th  aggressive,  advanced disease.
Such p a t ien ts  were in v a r ia b ly  on secondaiine or s te ro id a l  therapy.
To overcome th is  problem, a study was undertaken of pa t ien ts  wi th  
estab l ished RA who were maintained on D ? P e n ic i l lamine (D Pen) 
and from whom the drug was g ra dua l ly  being withdrawn. In such a study 
i t  was possib le  to examine the v a r i a t i o n  in %Facb R  ̂ c e l l s  when the 
p a t ie n ts  suffered  a ^flare^up^ Fn disease a c t i v i t y  owing to the 
reduction o f  t h e i r  medication.  Also,  those p a t ien ts  who were taken of  the 
drug completely provided an opportun i ty  to examine these c e l l s  in 
advanced RA,
(B) The e f f e c t  o f  withdrawal o f  D  ̂ Pen therapy on %Facb R  ̂ c e l l s  in RA.
Pat ien ts  who had veen estab l ished on DrPen fo r  more than one year  
were assessed fo r  disease a c t i v i t y  (according to the R i tch ie  Index) at  
an o u t - p a t i e n t  c l i n i c .  Some o f  those pa t ien ts  whose disease was 
quiescent were chosen a t  random and were prescribed successively lower 
d a i l y  doses o f  D^Pen (5Ü0, 375,  250,125 or 0 mg) over a period of  6 
months. Several p a t ien ts  were maintained on t h e i r  i n i t i a l  dose of  
D'-Pen and they were used as c o n t ro ls .  I f  the p a t ien ts  suffered an 
exacerbation o f  disease a c t i v i t y ,  they were given higher doses of  
D-Pen u n t i l  t h e i r  c l i n i c a l  symptoms were s e t t l e d .  At each v i s i t ,  
the %Facb R  ̂ per iphera l  blood lymphocytes was determined. When the 
study was completed,  the p a t ien ts  were c l a s s i f i e d  as e i t h e r  sero^ 
negat ive  or s e ro - p o s i t i v e .  The c l i n i c a l  side of  th is  doublerb l ind  
study was performed by Dr, M. Ahern and Mrs. M Maddison SRN.,
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RNHRD, Rath, four parameters \@̂ere chosen to he studies in th is  re su l ts  
section: a r t i c u l a r  index (the number o f  j o i n t s  showing evidence o f  
s y n o v i t i s ) ,  v isua l  analogue scale (a sub jec t iv e  assessment of  pain 
performed by the p a t i e n t ) ,  plasma v is c o s i t y  and %Facb c e l l s ,
The re s u l ts  were segregated into  groups according to the concentrat ion  
of  D-Pen th a t  the p a t ien t  was taking at  the time of  examination.  The 
re su l ts  are shown in Figures 6 , 7 ,  6 . 8 ,  6 .9  and 6 ,10  and were examined 
s t a t i s t i c a l l y  using a s ing le  fa c to r  ANOVAR t e s t .  I t  was found tha t  only  
the v isua l  analogue scale (VA) a l te re d  s i g n i f i c a n t l y  ( p < 0 . 0 5 )  when the 
dosage of D^Pen was a l te re d  in the s e ro rp o s i t iv e  tes t  group, No such 
v a r i a t i o n  was observed in the s erom ega t ive  te s t  p a t ie n ts ,  However, 
the control  pa t ien ts  in th is  group showed s ig n i f i c a n t  v a r i a t i o n  in 
the mean VA (p < 0 .0 1 ) ,  a r t i c u l a r  index (A I ;  p <  0 .05)  and plasma v is c o s i t y  
(PV; p < 0 . 0 5 ) .  The las t  two parameters both showed s i g n i f i c a n t  increases  
as thedose o f  the drug decreased.
C o r re la t io n  c o e f f i c i e n t s  were determined between VA, A I , PV and 
%Facb and between these parameters and the drug dose fo r  each te s t  
or control  group. The resu l ts  are shown in Tables 6 ,3  and 6 ,4 .  The 
%Facb R  ̂ c e l l s  c orre la ted  only wi th  the VA in the sero-negat ive  control  
group ( p < 0 . 0 5 ) ,  The AI c orre la te d  w i th  PV in the sero-negat ive control  
p a t ie n ts  ( p < 0 . 0 2 )  and the s e ro - p o s i t iv e  tes t  p a t ie n ts  ( p < 0 , Q 0 l ) .  The 
l a t t e r  c o r r e l a t i o n  became less s i g n i f i c a n t  as the dose o f  the D-Pen was 
reduced. The visual  analogue scale co r re la te d  w i th  AI in both tes t  
and contro l  s e ro -p o s i t iv e  pa t ien ts  (p<  0,001)  but only w i th  the te s t  
p a t ie n ts  in the sero-negat ive group ( p < 0 . 0 5 ) .  When these parameters 
were analysed according to the dose o f  D-Pen, the c o r r e la t io n  between 
AI and VA in the s e ro -p o s i t iv e  te s t  group became more s ig n i f i c a n t  as 
the dose o f  D-Pen was reduced to Q mg /  day.
Thus, the resu l ts  suggest that in p a t ie n ts  wi th  sero -negat ive  
disease,  decreasing the d a i ly  intake of  D-Pen resu l ts  in an increase
F igures 6 .7 .  6 . 8 .  6 . 5  and 6 .1 0 .  The e f f e c t  o f  D -P e n ic iH a m ine d a i l y 
in take  on various c l i n i c a l  parameters
Pat ients  were grouped as e i t h e r  sero-negat ive  or s e ro - p o s i t iv e  and 
as e i t h e r  contro l  or t e s t .  The re su l ts  fo r  var ious parameters of  disease  
a c t i v i t y  w i th in  these groups were assessed according to the concentrat ion  
of  D-Pen being taken a t  the time o f  examination.
Results
The re su l ts  shown in Figures 6 .^ ,  6 . 8 ,  6. 9̂  and 6 .10 are  expressed 
as the means plus one standard d e v ia t io n .  The var iance between the groups 
on d i f f e r e n t  d a i l y  intakes of  the drug was analysed by a s ing le  fa c to r  
ANOVAR t e s t .
Sero-po s i t i v e  Sero-neaat ive
Control Test Control Test
AI F 0 ,50 F 5 .17 F 1.47
p NS p < 0 .0 5  p /  NS
VA F 3 ,18  F 8 .00  F 1.30
p <0.05 p <0 .01  p NS
PV -  F 0 .29  F 5.63 F 0.42
p NS P < 0.05 P NS
%Facb -  F 0,23 F 2 .86 F 0.19
p NS p NS p NS
KEY
Al A r t i c u l a r  index
VA Visual  analogue scale
PV Plasma v is c o s i t y
F The F s t a t i s t i c  fo r  the s in g le  fa c to r  analys is  o f  var iance (ANOVAR)
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T a b le  6 . 3  The c o r r e l a t i o n  between v a r i o u s  pa ra m e te rs  o f  d i s e a s e  a c t i v i t y
in p a t ie n ts  tak inq the same d a i l v dose of  D- Pen ic i  1 lamine
C o rre la t io n  
Sero-nega¥ive te s t 500
Da i ly  dose 
375
of  D'^Penici 1 lamine 
250 125 0
AI V  Facb NS NS NS - NS
VA V Facb NS NS NS NS
PV V Facb NS NS NS - NS
A! V VA NS NS NS NS
Al V PV NS NS NS NS
VA V PV NS NS NS T <0,02
Sero-negative control  
AI V Facb T"' T NS NS -
VA V Facb - NS NS NS -
PV V Facb NS NS NS -
AI V VA - NS NS -
Al V PV NS NS -
VA V  PV - NS NS NS -
S ero -p o s i t iv e  te s t  
AI V  Facb NS NS NS NS
VA V Facb NS NS NS NS
PV V Facb NS NS NS - NS
AI V VA <0.05 <0.02 <0,01 <0.001
Al V PV <0.01 <0.01 <0,01 T < 0 .0 5
VA V PV <0 .01 NS < 0.01 - NS
NS The c o r r e l a t i o n  c o e f f i c i e n t s  were not s t a t i s t i c a l l y  s ig n i f i c a n t
The re s u l ts  are expressed as p r o b a b i l i t i e s  in d ica t in g  the 
s ig n i f ic a n c e  o f  the c o r r e la t io n  c o e f f i c i e n t s ,  and were
c a lc u la ted  from the equation shown in Tablé 6 . 1 .
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Table 6 .4  The c o r r e la t io n  between var ious parameters o f  disease a c t i v i t y  
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in c l i n i c a l  a c t i v i t y  (as assessed by the a r t i c u l a r  index).  This change 
is not r e f le c te d  by a s ig n i f i c a n t  increase in %Facb c e l l s  as might 
be expected from the re su l ts  o f  the e a r ly  RA study. In c o n t ra s t ,  the 
a r t i c u l a r  index of  p a t ien ts  wi th  s e r o - p o s i t i v e  RA was unaffected by 
reducing the d a i ly  dose o f  D-Pen, Also,  plasma v is c o s i ty  cor re la te d  wi th  
disease a c t i v i t y  in those s e ro - p o s i t iv e  p a t ie n ts  who were being 
taken o f f  D-Pen (p <  0,001) buyt not in the corresponding sero-negat ive 
group, The to t a l  lack of  c o r r e l a t i o n  between %Facb R  ̂ c e l l s  and disease  
a c t i v i t y  (as assessed by the a r t i c u l a r  index) may re s u l t  from a number 
of fa c to rs ,  The simplest o f  these is probably tha t  Facb R  ̂ c e l l s  are not 
involved in l a t e  rheumatoid disease,  However, th is  is u n l i k e ly  since  
the leve ls  o f  %Facb R  ̂ c e l l s  in both sero -negat ive  and s e ro -p o s i t iv e  
groups were s i g n i f i c a n t l y  higher than the normal mean fo r  healthy  
contro ls  ( p < O . O l ) .  This may in d ica te  th a t  D-Pen in te r fe r e s  wi th  the 
inflammatory process at  a stage beyond tha t  where Facb R  ̂ c e l l s  are  
involved or tha t  D-Pen a f f e c t s  the expression o f  Facb R, In order  
to in v es t ig a te  th is  f u r t h e r ,  in v i t r o  experiments were performed with  
the th io l  conta in ing compound t 2 -mercaptoethanol ,
(C) The in v i t r o  e f f e c t  of  2-mercaptoethanol on Facb R expression
Lymphocytes were obtained from p a t ie n ts  w i th  estab l ished RA who 
were in remission and were taking non-s te ro ida l  a n t i - in f la m m ato ry  
drugs (Chap.11 Sec. 11 C i i ) .  These c e l l s  were incubated a t  37°C 
fo r  30 minutes with  various concentra t ions  of  2-mercaptoethanol  
(2 -ME). A f t e r  incubat ion,  the c e l l s  were washed and Facb roset tes  
were performed as described prev ious ly  (Chap, 11 Sec. 11 D i i ) .
The resu l ts  were analysed using a s in g le  fa c to r  analys is  of  
var iance (ANOVAR) t e s t .  This showed tha t  the %Facb R  ̂ c e l l s  did not 
vary s i g n i f i c a n t l y  in those c u l tu res  which contained 2-ME. However,
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when compared to those c e l l s  which had not been incubated wi th  2-ME,
the percentage of  these c e l l s  was ra ised; th is  increase reaching
-4s t a t i s t i c a l  s ig n i f ic a n c e  in those c u l tu res  conta in ing 5 x 10 M 
2-ME (p < 0 ,0 5 ;  Table 6 , 5 ) .  This seems to in d ic a te  tha t  th io l  conta in ing  
compounds may a f f e c t  the expression of the Facb receptor ,  I f  th is  
phenomenon is r e a l ,  i t  may expla in  the lack o f  c o r r e la t io n  between %Facb 
c e l l s  and disease a c t i v i t y  in pa t ien ts  rece iv ing  D -P e n ic i1 lamine therapy.
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T a b le  6 . 5  The e f f e c t  o f  2 - m e r c a p to e th a n o l  on Facb R e x p r e s s i o n




2x10 1x10"^ 2x10"^ 1x10^^ 0
n 5 5 4 4 5 5
X 7 . 8* 6 .8 5 .0 6 .0 5.0 2 .8
sd 3.1 3 .0 1.4 2 .5 2 .5 2 ,4
St a t i s t i c a l  ana lys is  o f  the resu l ts
*  p < 0 . 0 5  Determined by Student 's  t - t e s t .  The marked value is 
s ig n i f i c a n t  w ith  respect tû the value obtained fo r  
those cu l tu res  incubated without mercaptoethanol .
F 2 .65  An ANOVAR tes t  performed on those cu l tu res  co n ta in ­
ing 2-mercaptoethanol gave an F s t a t i s t i c  of  2 ,65  
which is not s ig n i f i c a n t  a t  the 5% leve l  w i th  3 and 
18 degrees of  freedom.
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C H A P T E R  V I I  
D I S C U S S I O N
Facb ros e t te  forming (Facb R^) c e l l s  have been shown to be 
lymphocytes which lack surface I g (SIg ) and receptors for  sheep RBC 
(E ) and the t h i r d  component of  complement (C^R ; Winrow, 1982).  Thus, 
these c e l l s  appear to belong to the nul l  c e l l  populat ion discussed in 
Chapter 1 Sections 1 B i i i  and 1 C i i i .  Winrow (1982) also has shown 
that  Facb R  ̂ c e l l s  are s i g n i f i c a n t l y  raised in pa t ien ts  wi th  rheumatoid 
a r t h r i t i s  (RA). These observations form the basis of  the work in th is  
th e s is .  A morphological  comparison was made between Facb R  ̂ c e l l s  in 
p at ien ts  w i th  RA and healthy  co n tro ls .  The resu l ts  o f  th is  study 
prompted the performance of experiments to inves t iga te  the function of  
Facb R  ̂ c e l l s  in an immune response. C l in ic a l  studies were also  
performed to in v es t ig a te  any possible  involvement of  Facb R  ̂ c e l l s  in 
the pathogenesis o f  RA.
E lectron micrographs of both rheumatoid and control  Facb R  ̂ c e l l s  
showed tha t  they possess deep nuclear c l e f t s  (Chapter 111).  In pa t ien ts  
with RA these c e l l s  were shown to be much larger  than those from healthy  
co n tro ls .  They a lso  show evidence of  a c t iv a t io n  since they possess many 
mitochondria and ribosomes, some polysomes and rough endoplasmic 
re t iculum and several  Golgi complexes. Horwitz et  a l . ,  (1978) demonstrated 
that  L c e l l s  possess very few cytoplasmic organel les but have a 
prominent nuclear c l e f t .  This corresponds with  the observations made of  
contro l  Facb R  ̂ c e l l s .  Further evidence of  a physical  d i f f e re n c e  between 
rheumatoid and contro l  Facb R  ̂ c e l l s  came from the study of densi ty  
gradient separation of  mononuclear c e l l s .  I t  was found that Facb R* 
c e l l s  from p a t ie n ts  wi th  a c t iv e  RA (with  leve ls  of  Facb R  ̂ c e l l s  above 
the normal range) do not sediment through 52% v /v  P e rc o l1, w h i ls t  those 
from p a t ien ts  w i th  leve ls  o f  Facb R"*" c e l l s  w i th in  the normal range
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accumulated below the P erco l1. Thus, Facb c e l l s  from pa t ien ts  w i th  
a c t iv e  RA are less dense than those from rheumatoids wi th  inac t ive  
disease.  These resu l ts  suggest tha t  Facb R  ̂ c e l l s  are a c t iva te d  in RA 
p a t ie n ts .  Recent ly,  i t  has been shown tha t  T c e l l s  express HLA-DR 
re la ted  antigens as a resu l t  of  a c t iv a t io n  by mitogens (Evans e t  a l . ,  
1978) and that  such DR  ̂ c e l l s  are s i g n i f i c a n t l y  raised in pa t ien ts  
with  RA (Yu e t  a l . ,  I 98O). Thus, since Facb R  ̂ c e l l s  are  raised in RA 
and appear to be a c t iv a te d ,  i t  was decided to look fo r  the presence of  
HLA-DR re la ted  antigens on them. I t  was found that  Facb R  ̂ c e l l s  express 
HLA-DR re la ted  antigens in both rheumatoid p a t ien ts  and control  subjects .  
Whether or not there  was a q u a n t i t a t i v e  d i f fe re n c e  in expression of  these 
antigens between the two groups was not examined. Some workers have 
reported that  the m a jo r i ty  of  nul l  lymphocytes express these antigens  
(Horwitz et  a l . ,  1978; Niaudet,  Greaves and Horwitz ,  1978) w h i ls t  others  
have demonstrated t h e i r  absence on these c e l ls  (Lobo, 1981; Despont, 
Steimer and Banderet, 1981). C le a r l y ,  the resu l ts  described in th is  
thes is  agree wi th  those o f  the former group of  authors.  Thus, although  
rheumatoid and control  Facb R  ̂ c e l l s  show no d i f f e r e n t i a l  expression  
of  HLA-DR re la ted  ant igens,  they appear to be a c t iv a te d  in p a t ien ts  
w ith  RA. In order to inves t iga te  th is  p o s s i b i l i t y  f u r t h e r ,  the s te ro id  
s e n s i t i v i t y  of  these c e l l s  was examined. Although the mechanisms of  
c o r t ic o s te r o id  act ion  on mononuclear c e l l s  are not completely understood,  
the observed a l t e r a t i o n s  in c e l l  r e c i r c u la t io n  patterns are thought to 
re s u l t  from a change in membrane c h a r a c te r is t i c s  caused by c o r t ic o s te ro id  
dependent a l t e r a t i o n s  of  c e l l u l a r  metabolism (reviewed by Pearson, 
Clements and Yu, 19791* Thus, these e f fe c ts  would appear to depend on 
the a b i l i t y  to synthesize various macromolecules and would thus require  
the presence of  subce l lu la r  organel les and an a c t iv e  metabolism. I t  was 
found th a t  Facb R  ̂ c e l l s  from pa t ien ts  w i th  RA were s tero id  s e n s i t iv e  
w h i ls t  those from control  subjects were not.  I t  is of  in te re s t  to note
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th a t  in two control  subjects Facb c e l l s  were s tero id  s e n s i t iv e  when 
tested at  the time of  t h e i r  peak response to  a Tine te s t  (day 3 a f t e r  
skin t e s t ) .  Thus, the observations discussed so f a r  appear to complement 
the data obtained from the e lec tron  micrographs. I t  was noted that  Facb R  ̂
c e l l s  in pa t ien ts  w i th  RA show a s im i la r  pa t te rn  o f  s tero id  s e n s i t i v i t y  
to monocytes. Lobo (1981) has shown tha t  a large proport ion of  nul l  c e l l s  
express an antigen re ac t iv e  w i th  the monoclonal antibody 0KM1 but tha t  
none o f  these c e l l s  reacts w i th  a monoclonal anti -monocyte antibody  
produced by Bethesda Research Laboratories (BRL). Roberts and Greaves 
( 1978) showed that  1% of  per iphera l  blood lymphocytes are SIg , E , do_ 
not ingest la tex  but possess an antigen detected by a myelomonocyte -  
s p e c i f i c  anti  serum. These resu l ts  were confirmed by Niaudet,  Greaves and 
Horwitz ( 1979) .  In contrast to  the work of  Lobo ( 198I )  i t  was found that  
Facb R  ̂ c e l l s  react w i th  the BRL anti -monocyte antibody.  These re s u l ts ,  
together  with  the observations that  the myelo-monocytic c e l l  l i n e  -  
K562 bears receptors which bind Facb, suggested that  the Facb R  ̂ c e l l  
may be o f  the monocytic l ineage .
Thus, Facb R  ̂ c e l l s  e x h ib i t  both monocyte derived and HLA-DR 
re la te d  antigens in control  subjects and in p a t ien ts  wi th  RA. Despite  
t h is  phenotypic s i m i l a r i t y ,  these c e l l s  are morphological ly  d i s t i n c t  
in heal th  and disease.  Facb R  ̂ c e l l s  are là rger  in pa t ien ts  wi th  a c t iv e  
RA compared to heal thy contro ls  and appear to be m etabolica11 y a c t iv e .
The data discussed above indicates tha t  the increased percentages 
of Facb R  ̂ c e l l s  observed in pa t ien ts  w i th  RA ( H a l l ,  Winrow and Bacon, 
I 98O; Hall  and Bacon, 198I ;  Winrow, 1982) may re s u l t  from a c t iv a t io n  
of  these c e l l s .  The stimulus required fo r  th is  a c t iv a t io n  was examined 
in control  subjects and in mice. I t  was shown that the %Facb R  ̂ c e l l s  
could be enhanced in sens i t ized  ind iv idua ls  by chal lenge wi th  a s p e c i f i c  
antigen ( p u r i f i e d  pro te in  d e r iv a t i v e  of  t u b e r c u l in , in  humans; 
ery th rocy te  antigens, in mice; Chapters 4 and 5 ) .  This is in contrast
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to the re s u l ts  of  Horwitz and G arre t t  (1977) and Caraux et  a l . ,  (1982) 
who showed tha t  nul l  (L) c e l l s  are not s t imulated by soluble or c e l l  
surface antigens.  These workers a lso showed that  nul l  c e l l s  are not 
stimulated by mitogens but tha t  they do enhance the blastogenesis o f  
other lymphocyte subpopulat ions in the mitogen st imulated cu l tu res .
This fu nct ion  has a lso  been reported to  be performed by the P c e l l  
in mice (described by Schrader and Nossal , I 98O). The resu l ts  presented 
in th is  thes is  p a r t l y  concur wi th  these observations in that Facb R* 
c e l l s  from humans do not p r o l i f e r a t e  in response to mitogenic s t im ula t ion  
(Chapter 5 ) .  However, they do not enhance the mitogen induced b la s to -  
genesis o f  o ther  lymphocyte subpopulat ions.  Studies in mice showed that  
Facb R  ̂ c e l l s  could be increased by a s in g le  in je c t io n  of  1ipopolysacchar ide 
(LPS), a po lyclonal  B c e l l  a c t iv a t o r  which s t imulates  B c e l l s  to secrete  
IgG (Anderson and Mol 1er,  1972).  This suggested that  Facb R  ̂ c e l l s  may 
be involved ( e i t h e r  d i r e c t l y  or i n d i r e c t l y )  in the production o f  IgG.
Lobo ( 1981) showed tha t  nul l  c e l l s  could enhance IgG synthesis by B c e l l s  
in a PWM stimulated system. The same c e l l s  could be made to suppress th is  
production of  IgG by pre - incubat ing  them w i th  immune complexes. The 
adoptive t r a n s fe r  in to  naive mice of  e ry th rocy te  primed, Facb R  ̂ c e l l  
depleted mononuclear c e l l  suspensions resu l ted  in an increase in the  
number o f  c e l l s  producting e rythrocyte  s p e c i f i c  antibody (PFC) when 
compared w i th  the e f f e c t  of  sham depleted c e l l s .  Also,  when antigen  
s p e c i f i c  Facb was in jec ted  in to  mice concomitantly with  a chal lenge dose 
of  an t igen ,  the r e s u l t in g  number of  antigen s p e c i f i c  PFC was s i g n i f i c a n l t l y  
lower than when antigen alone was admin istered.  This l a t t e r  observation  
agrees w i th  the f ind ings  o f  Lobo ( I 98I )  al though the resu l ts  o f  the  
adopt ive  t r a n s fe r  do not.  This anomaly may be explained i f  those Facb 
R  ̂ c e l l s  ad o p t iv e ly  t ran s fe r red  to naive mice from primed mice (challenged  
3 days before t r a n s f e r )  were a lready a c t iv a te d  to express suppressor 
fu n c t io n .  Grantham and F i tch  (1975) have shown tha t  mice ( rec en t ly
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primed w i th  high doses o f  a n t ig e n ) ,  produced lower levels  o f  s p e c i f i c  
antibody a f t e r  chal lenge than those animals primed with  low doses 
o f  an t igen .  The authors suggest th a t  the former group s t i l l  have low 
l ev e ls  o f  c i r c u l a t i n g  ant igen s p e c i f ic  antibody a t  the time of  
chal lenge.  This combines wi th  ant igen and by in te rac t io n  w i th  high 
a v i d i t y  Fc R, prevents B c e l l  s t im u la t io n .  I t  is f e a s ib le  tha t  such 
a mechanism might have occurred in the host mice and that the Facb R* 
c e l l s  were a c t iv a te d  in the host and hence, on t r a n s f e r ,  suppressed 
the B c e l l  response to the ant igen.  This e f f e c t  would appear to  
requ ire  an high a v i d i t y  Fc R. Winrow (1982) showed that the Facb R has 
s im i la r  c h a r a c t e r is t i c s  to high a v i d i t y  receptors found on other c e l l s .  
Also,  the re su l ts  reported in Chapter 3 concerning the s t a b i l i t y  of  
the Facb R in response to temperature shock correspond to those of  
high a v i d i t y  Fc receptors (described by Sandor et a l . ,  1978; 1979;
Sarmay, Istvan and Gergely,  1978).  When human lymphocytes were cu l tured  
in v i t r o  w i th  PWM, a dd i t ion  o f  Facb (but not F Cab' ) ^) a t  the s t a r t  of  
the c u l t u r e  s i g n i f i c a n t l y  decreased the production of  IgG. Thus, 
these re s u l ts  concur w i th  those o f  Lobo (1981) despi te  the d i f fe re n c e s  
in experimental  procedures.  I t  appears th e re fo re ,  that  Facb R  ̂ c e l l s  
are involved in  the process o f  antibody mediated immune suppression.
The experimental  evidence supporting the existence o f  th is  phenomenon 
was discussed in Chapter 1 Section 11 D i i .  Although a l l  the data shows 
th a t  t h is  e f f e c t  is mediated by an Fc R, the id e n t i t y  o f  the c e l l s  involved  
remains c o n t r o v e r t ia l  since T c e l l s  (Setcavage and Kim, 1980) and B 
c e l l s  (Miyama-Inaba e t  a l . ,  1982) have been impl icated.  However, in both 
of  these s tu d ies ,  subpopulat ions were iso la ted  by negative s e lec t ion  
( i e .  by removal of  the unwanted populat ion from the mononuclear 
pre para t ion )  and hence nu l l  c e l l s  were not e l im ina ted .  Thus, w h i ls t  i t  
is not immpossible tha t  antibody dependent immune suppression is 
mediated by c e l l s  from a l l  3 major lymphocyte subpopulat ions,  i t  is
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f e a s ib le  tha t  these studies are demonstrat ing the a c t i v i t i e s  o f  nu l l  
c e l l s  alone.
Although the resu l ts  ind ica te  that Facb c e l l s  mediate suppression 
of  IgG synthesis a f t e r  in te ra c t io n  wi th  immune complexes, the precise  
stimulus required fo r  the a c t iv a t i o n  of these c e l l s  is unc lear .  I t  
cannot re s u l t  merely from the in te ra c t io n  o f  IgG w i th  the Facb R since  
Winrow (1982) has shown that almost 50% of  the Facb R  ̂ c e l l s  in the 
per iphera l  blood of  healthy  contro ls  carry  passively  absorbed IgG.
This blocks the Facb R but does not re s u l t  in the a c t i v a t i o n  o f  these 
c e l l s .  I t  is o f  considerable note that the t ime course of  the response 
of  Facb R  ̂ c e l l s  to an a n t ig e n ic  stimulus mimics tha t  o f  C - re a c t iv e  
pro te in  (CRP) . Synthesis o f  the l a t t e r  is known to be st imulated by 
i n t e r l e u k in  1 ( IL 1; Kampschmidt e t  a l . ,  I 98O). Thus, i t  is possible  
tha t  IL 1 a c t iv a te s  Facb R  ̂ c e l l s  which may then suppress I g production  
a f t e r  in te r a c t io n  w i th  immune complexes.
There fo re ,  the ro le  of  the Facb R  ̂ c e l l  in an immune response may 
be to l i m i t  the reaction  to low concentrat ions  of  fo re ign  antigen to  
which the host has previously  been exposed. The formation o f  immune 
complexes (by in te r a c t io n  of  the antigen w i th  the low leve ls  of  
c i r c u l a t i n g  a n t ig e n - s p e c i f i c  antibody) and t h e i r  subsequent sequestra t ion  
by Facb R  ̂ c e l l s  would prevent a vigorous (and w aste fu l )  secondary 
response. At higher concentrat ions of  a n t ige n ,  sequestra t ion would 
not be s u f f i c i e n t l y  e f f e c t i v e  to prevent f r e e  ant igen from s t im u la t in g  
re ac t iv e  B c e l l s .  This would suggest tha t  Facb R  ̂ c e l l s  are  involved  
at  an e a r l y  stage in the immune response. Credence is given to th is  
idea by the observations of  Andersson, Hayry and Kontiainen (1977)  
which showed tha t  e a r ly  appearing suppressor c e l l s  are large  lymphocytes 
w h i ls t  those appearing at  a l a t e r  stage are small to medium s ize .
Electron microscope studies o f  Facb R  ̂ c e l l s  in p a t ien ts  w i th  
rheumatoid a r t h r i t i s  showed tha t  these c e l l s  are s i g n i f i c a n t l y  la rge r
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i n  t h e  d i s e a s e  s t a t e  than  i n  normal  c o n t r o l s .
The observations of  H a l l ,  Winrow and Bacon (1980) ,  Hall  and 
Bacon (1981) and Winrow (1982) tha t  Facb c e l l s  are raised in 
p a t ien ts  with  rheumatoid a r t h r i t i s ,  together w i th  the resu l ts  
discussed above, suggest th a t  the %Facb R  ̂ c e l l s  may give an
in d ica t io n  of  a c t iv e  s yn o v i t is  in RA. A long i tud ina l  survey of  pa t ien ts
with  e a r ly  rheumatic diseases showed tha t  the %Facb R  ̂ c e l l s  corre la te d  
with  c l i n i c a l  assessment o f  disease a c t i v i t y  in a l l  inflammatory forms 
of  the disease s tud ied ,  except in pa t ien ts  w i th  pal indromic RA (Chapter  
6 ) .  This lack of  c o r r e la t io n  probably re su l ts  from the pecu l ia r  nature  
of  the disease and i t  is possib le  tha t  measurements of  the %Facb R* 
c e l l s  in pa t ien ts  with  pal indromic RA would give a b e t te r  in d ica t ion  
of a c t iv e  synov i t is  than the more usual c l i n i c a l  methods. In contrast
to th is  work,  a study o f  p a t ie n ts  w i th  estab l ished RA who were in
remission and were rece iv ing  D - f e n i c i l lamine therapy,  appeared to  
c o n tra d ic t  the f indings o f  the e a r l y  RA study.  In these pa t ien ts  there  
was no c o r r e la t io n  between t h e i r  disease a c t i v i t y  and the %Facb R* 
per iphera l  blood lymphocytes. However, the observation that  a th io l  
conta in ing compound (2-mercaptoethanol)  could increase the %Facb R  ̂
c e l l s  in v i t r o ,  suggests th a t  a s im i la r  mechanism may be occurring in 
pa t ien ts  rece iv ing D - P e n i c i l lamine therapy.  This would abolish the  
c o r r e la t io n  between th is  parameter and disease a c t i v i t y  observed in 
the e a r ly  RA study.  Thus, i t  is possible  to pos tu la te  tha t  D - P e n i c i l lamine 
enhances Facb R expression and thus enhances the suppressive a c t i v i t y  
of these c e l l s .
The re su l ts  o f  these c l i n i c a l  studies g ive  r is e  to some in te re s t in g  
speculat ions  concerning the ro le  of  Facb R  ̂ c e l l s  in the pathogenesis 
of  RA. The in v i t r o  and in v ivo  re su l ts  discussed above ind ica te  that  
Facb R  ̂ c e l l s  are increased in number a f t e r  exposure to an antigen to  
which the host has prev ious ly  been s e n s i t i z e d .  I f  a s im i l a r  mechanism is
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occurring in RA, i t  would suggest tha t  s p e c i f i c  antigens i n i t i a t e  the 
inflammatory reactions  observed in th is  disease.  This has been shown to  
be true in p a t ien ts  w i th  re a c t iv e  a r t h r i t i s .  Chemotherapy designed to  
e l im ina te  the p r e c i p i t a t i n g  micro-organism, re s u l ts  in the l i m i t a t i o n  
of the inflammatory response. In such p a t i e n t s ,  the %Facb R^ c e l l s  
corre la te s  s trongly  w i th  disease a c t i v i t y .  Causative organisms have 
not been i d e n t i f i e d  in other forms o f  rheumatic disease (discussed 
in Chapter 1 Section 111).  The autoimmyne nature o f  the disease may 
r e f l e c t  a loss of  to lerance  to s e l f  antigens i n i t i a t e d  by a fo r e ig n ,  
cross-react ing  antigen.  The ro le  of  Facb R  ̂ c e l l s  in such a reaction  
could be investigated  using the autoimmune haemolytic anaemia model in 
mice. Another explanation fo r  the presence o f  autoantibodies  in RA 
was proposed by Mol 1er,  Strom and Al -Balaghi  (1980).  These workers 
suggested tha t  autoantibody formation may be the re s u l t  of  po lyclonal  
B c e l l  a c t iv a t io n  induced by l igands act ing n o n - s p e c i f ic a l l y  on T 
and /  or B c e l l s .  The observations concerning the response of  Facb R* 
c e l l s  in mice in jec ted  w i th  LPS (a polyclonal  B c e l l  a c t i v a t o r )  
would imply tha t  Facb R  ̂ c e l l s  could p a r t i c i p a t e  in such a phenomenon. 
Thus i t  appears tha t  Facb R  ̂ c e l l s  may play an important ro le  in the 
pathogenesis o f  RA.This the re fo re  implies, th a t  the observations made 
concerning the e f f e c t  o f  t h i o l s  on Fécb R expression may r e f l e c t  part  
of  the mechanism involved in D - P e n i c i l lamine induced remission of  RA.
Thus, the general  conclusions to be drawn from the work presented  
in th is  thes is  are :
i )  tha t  Facb R  ̂ c e l l s  appear to be a c t iv a te d  in 
p a t ien ts  w i th  RA
i i )  tha t  these c e l l s  may be increased in number as 
a d i r e c t  re s u l t  o f  s t im u la t ion  (both in vivo  
and in v i t r o )  by an antigen to which the host
2 0 6
has been p r e v io u s l y  immunized.
i i i ) t h a t  these c e l l s  mediate suppression  o f  Ig
p ro d u ct io n  v i a  the i n t e r a c t i o n  o f  immune complexes 
w i t h  the Facb r e c e p t o r .
Although Facb c e l l s  have been shown to  be s i m i l a r  to  L c e l l s ,  
the work presented in t h i s  t h e s is  i n d i c a t e s  t h a t  these two p o p u la t io n s  
are  not i d e n t i c a l  but t h a t  Facb R^ c e l l s  may form a p a r t  o f  the L c e l l "  
p o p u la t io n .
C l e a r l y ,  t h e r e  a re  many d i r e c t i o n s  in which t h i s  p r o j e c t  could  
p rogress .  F u r th e r  in v i t r o  work w i t h  human c e l l s  is re q u i red  to  c o n f i rm  
the f i n d i n g s  t h a t  Facb R^ c e l l s  suppress Ig s y n t h e s is .  I d e a l l y ,  i t  would 
be b e t t e r  to  examine the phenomenon in an a n t ig e n  s t im u la t e d  system 
using both s p e c i f i c  and n o n - s p e c i f i c  Facb. The mechanism o f  suppression  
should be examined.  The presence o f  s o lu b le  suppressor f a c t o r s  could be 
demonstrated by the e f f e c t  o f  superna tan ts  from c u l t u r e s  o f  s t im u l a t e d  
Facb R^ c e l l s  on f r e s h ,  a n t ig e n  s t im u la t e d  c a l l s . T h e  k i n e t i c s  o f  t h i s  
phenomenon could be examined using the same system. The a n t ig e n  s p e c i f i c i t y  
o f  these  c e l l s  has not  been c o n c l u s i v e l y  demonstrated.  Th is  could be 
done by a d o p t i v e l y  t r a n s f e r i n g  c e l l s  primed w i t h  two non c r o s s - r e a c t i n g  
a n t ig e n s  and c h a l l e n g i n g  the hosts w i t h  both an t ig e ns  but  w i t h  Facb to  
o n ly  one o f  them. Mice could a ls o  be used to  i n v e s t i g a t e  the r o l e  o f  
Facb c e l l s  in autoimmune phenomena as discussed p r e v i o u s l y .  Thus,  
a lt hough  the i d e n t i t y  o f  these c e l l s  is r e l a t i v e l y  w e l l  e s t a b l i s h e d ,  
much more work is re q u i re d  in o rde r  to  f u l l y  e l u c i d a t e  the p r e c i s e  
f u n c t i o n  o f  the Facb R^ c e l l .
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